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ENGINEERING AND DESIGN 

design of structures to resist the effects of atomic weapons 

SHEAR WALL STRUCTURES 

INTRODUCTION 

9-01 PURPOSE AND SCOPE. This manual is one in a series issued for the 
guidance of engineers engaged in the design of permanent type military 
structures required to resist the effects of atomic weapons. It is appli¬ 
cable to all Corps of Engineers activities and installations responsible 
for the design of military construction. 

The material is based on the results of full-scale atomic tests and 
analytical studies. The problem of designing structures to resist the ef¬ 
fects of atomic weapons is new and the methods of solution are still in the 
development stage. Continuing studies are in progress and supplemental ma¬ 
terial will be published as it is developed. 

The methods and procedures were developed through the collaboration 
of many consultants and specialists. Much of the has ip analytical work was 

done by the engineering firm of Anmann and Whitney, New York City, under 

contract with the Chief of Engineers. The Massachusetts Institute of Tech¬ 
nology was responsible, -under another contract with the Chief of Engineers, 

for the compilation of material and for the further study and development 
of design methods and procedures. 

It is requested that any errors and deficiencies noted and any sug- 
* gestions for improvement be transmitted to HQDA (DAEN—MGEJ-D) WASH DC 20314* 

9-02 REFERENCES. Manuals - Corps of Engineers - Engineering and Design, 
containing interrelated subject matter are listed as follows: 

DESIGN OF STRUCTURES TO RESIST THE EFFECTS 
OF ATOMIC WEAPONS 

EM 1110-345-413 Weapons Effects Data 

EM 1110-345-414 Strength of Materials and Structural Elements 
EM 111 0-34S-415 Principles of Dynamic Analysis and Design 

1 
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EM 1110-345-416 
EM 1110-345-417 
EM 1110-345-418 
EM 1110-345-419 
EM 1110-345-420 
EM 1110-345-421 


Structural Elements Subjected to Dynamic 
Single-Story Frame Buildings 
Multi-Story Frame Buildings 
Shear Wall Structures 
Arches and Domes 

Buried and Semiburied Structures 


a- References to Material in Other Manuals of This Series. In the 
text of this manual references are made to paragraphs, figures, equations, 
and tables in the other manuals of this series in accordance with the 


number designations as they appear in these manuals. The first part of the 
designation which precedes either a dash, or a decimal point, identifies a 
particular manual in the series as shown in the table following. 


EM 

paragraph 

figure 

3* 

4. 

equation 

(3. ) 

(4. ) 

(5- ) 

(6. ) 

(7. ) 

(8. ) 

(9. ) 

(10. ) 

(11. ) 

table 

3- 

k. 

1110-345-413 

1110-345-414 

3- 

4- 

1110-345-415 

5- 

5. 

5- 
6 « 

1110-345-416 

6- 

6. 

1110-345-417 

7- 

7. 

7. 

8 

1110-345-418 

8- 

8. 

1110-345-419 

9- 

9. 

O 

Q 

1110-345-420 

10 - 

10 . 

y • 

10 , 

1110-345-421 

11 - 

11 . 

11 . 


b. Bibliography. A bibliography is given at the end of the text. 
Items in the bibliography are referenced in the text by numbers inclosed in 
brackets. 

c ' List of Symbols. Definitions of the symbols used throughout this 
manual series are given in lists following the table of contents in EM 
1110-345-413, EM 1110-345-414, EM 1110-345-415, and EM 1110-345-416. 

9-03 RESCISSIONS■ Draft EM 1110-345-419 (Part XXIII - The Design of 

fo Resist the Effects of Atomic Weapons, Chapter 9 - Design of 
Shear Walls). 

9-04 BEHAVIOR OF SHEAR WALL STRUCTURES. Shear wall structures respond to 
lateral loads in a somewhat different manner than rigid frame structures. 
The basic difference between the two types of construction is the manner 
in which lateral loads are transmitted to the foundation. In rigid frame 
structures the columns transmit the lateral forces mainly through bending 
of the columns, whereas in shear wall structures the shear walls transfer 
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9-04 

the lateral, loads to the foundation through "both bending and shearing ac¬ 
tion of the shear walls. Shear walls are inherently strong and will re¬ 
sist large lateral forces. For this reason shear wall construction will 
normally result in a more economical structure for blast resistance than 
vill rigid frame construction. This type of construction has been found 
to be the most advantageous for earthquake-resistant structures and is 
widely used in the United States and other countries. 

Shear wall structures are very stiff compared with rigid frame 
structures. The recommended design procedure for blast loads is based on 
a limitation of the deflection to that at which the ultimate load is de¬ 
veloped as defined in paragraph 4-13 of EM 1110-345-4l4. In shear wall 
structures, columns are usually provided between the shear walls to carry 
the vertical loads including blast loads on the roof. The columns in 
shear wall structures are not subject to the same degree of bending from 
the lateral loads as in rigid frame structures and can therefore be of 
smaller cross section than in a comparable rigid frame building designed 
for blast loads. 

r 

A blast load applied 1 

to the front wall of a [” 

shear wall structure, as Fron , EI , yaHo „ end emotion 

shown in figure is 

transmitted through the 
roof and floor slabs to 
the shear walls and thus 
to the foundation. The 
front wall of the struc¬ 
ture spans vertically be- 

Plon View 

tween the foundation, the 

Figure 9.1. Simple shear wall structure 
floor, and the roof slab. ° 

The upper floor and roof slabs act as deep be am s, and in turn transmit the 
front wall reactions to the shear walls. In most cases a small portion of 
the front wall load will be transmitted directly to the front edge of the 
shear wall but this may be ignored in the design procedure. 

The roof and floor slabs act as the webs of I-shaped or channel-shaped 


Back Wall 
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^Horizontal Roof Deep Beam Reoctlons 


Air -X 
Blast 


Vertical Front'*' 


Horizontal Floor 
' Deep Beom Reactions 


M 



Vertical Back Wall 
Deep Beam Reoctlons 

Y 

♦ Horizontal Floor 
jj Deep deem Reactions 


deep beams with portions of the front and rear walls acting as the flanges. 
In these deep beams the shear distribution is essentially uniform over the 
depth of the web. Hence the assumption is made that the horizontal roof 
and floor slab reactions are uniformly distributed along the shear walls. 
Horizontal blast loads applied to the back wadis of the structure are car¬ 
ried in a similar manner through the roof and floor slabs to the shear 
walls. The floor and roof slabs are designed as deep beams to remain in 
the elastic range. 

Shear walls are designed for plastic behavior and may be considered 
as vertical cantilever beams, supported at the base, and loaded with hor¬ 
izontal loads at each floor level. Ver¬ 
tical loads are caused by the blast 
forces on the roof slab. In addition, 
vertical shearing forces are developed 
along the front and back edges of each 
shear wall due to the unbalanced forces 
between the roof and foundation on both 
the front and back walls (fig. 9.2). 

The front and back walls act integrally 
with the shear wall in resisting bend¬ 
ing. This interaction, however, will 
be reduced where the front and back 
walls are badly cracked. The effective width of the front and back walls 
which can be considered to act as flanges is approximately one-third of the 
shear wall height, each side of the web Port | 0 „o( 
above the section being considered [l] . ^T ^-- End - Sh,or W °'V 

This conclusion is based upon theoretical 
investigations [2] to detemine the ef- Figure 9.3. Shear wall section 

fective width of a T-section for an ideal continuous beam, and using a beam 
analogy to apply the results to a cantilever wall. A flange width of one- 
sixth of the shear wall height each side of the web should be used if the 
front and back walls are designed for plastic behavior in vertical bending 
between floors. 

A shear wall structure may have steel roof framing as illustrated 

4 


Horizontal Reactions of 
Shear Wall Footing 


Vertical Reactions or 
Shear Wall Footing 


Figure 9.2. Forces acting on 
shear wall 


Portion of 
Bock Wall 
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-End Shear Wall Back Wall 


Horizontal Truss 


End Shear Woll 


in figure 9.4. Steel roof Roof 

trusses carry the vertical j—!- lZZj-1 -1—| 

O ^Roof Truss 

/* Bock 

, . , I Front Wall Wall 

trusses carry the lateral . ,__ 

I i_i—I l—i-1 l 

blast forces to the shear Fr ° r ” £ " >va,l °'' section 

Vails . f-E nd Sheor Woll Bock Woll-j 

A structure vLth SZSZSZ Tr “ ss 

interior shear vails is / \ End sheor won 

illustrated in figure 9*5* \ / 

Interior shear vails ~/ K \~ /\. ~/ p \~ 

usually contain openings Front won^ 

Plon View < f 

for corridors and door- u eio.t 

Vays. The corridor vails Figure 9.4. Shear wall structure with steel framing 

may or may not he structural vails. The total stiffness or resistance to 
lateral deflection of a shear vail vLth openings is determined by a rigid 

R ° o1 slob frame analysis using both 

[ -] i - ii -11 i ——>|—11 

! ! i I ' Rio.t ^ ! !| I i shear and moment deforma- 

1 ! 1 Back 
j \\ I | Front Wall | | \ j Wall _ _ „ . , 

■ ggM .— .— g ** tions. The presence of inte- 

Front Elevation End Elevation 

gral corridor vails vhlch may 

Bock Wall 

□ i-1 act as flanges should be 

End taken into account. 

Shear Corridor Shear 

wo" -j=i =-= <=-=> won The distribution of 

. . —— —-1 lateral loads to shear vails 

Front Wall 

O by roof and floor slabs act- 

Air Blast 

p, an Vi,. ing as horizontal deep beams 


1 

1 

1 

1 

_1 

“1 

1 

i 

1 

1 

_ 1 

~n 

1 

1 

1 
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j- ji - 

-1 

II 1 

II J 

Blast L ~v > 
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1 1 
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Front Wall 
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Front Elevation 


Interior Shear Walls 


End Elevation 


Air Blast 
Plan View 


Figure 9.5. Shear wall structure with interior shear walls ^ indeterminate problem 

dependent upon the stiffness 

of the floor slab and the relative stiffness of the vails. One approach 
is to assume that the roof and floor slabs are rigid plates and to divide 
the load among the shear vails in proportion to their relative stiffnesses. 
This is standard procedure in earthquake-resistant design [3 , 4] and is a 
good approximation of the load distribution to the shear vails for lateral 
blast loads. This procedure implies equal deflection of all vails in the 
absence of torsion. 









EM 1110-345-419 
15 Jan 58 


9-04a 


If the shear wall arrangement Is not symmetrical, torsional stresses 
will he developed in the plane of the floor and roof slabs. These tor¬ 
sional stresses are distributed to all the walls -which support the roof 
and floor and the more rigid walls will carry the large share of the tor¬ 
sion. It is recommended for this case that the assumption be made that 
the torsional stresses are carried by the walls -which are normal to the 
shear walls because of the plastic deformations which the shear walls may 
undergo compared to the small elastic deformations of the other walls. 

These assumptions must be applied with care and good engineering 
judgment. Cases will no doubt be encountered -where the flexibility of 
the deep beam as well as the torsional stresses must be considered in the 
distribution of the lateral forces to the shear walls. 

The moment and shear stresses in the roof and floor slabs resulting 
from deep beam action in transmitting the lateral blast loads to the shear 
walls can be determined by a moment distribution analysis. The shear wall 
reactions determined from this moment distribution solution may be used as 
a check of the shear wall reactions determined from the rigid plate as¬ 
sumption. The moment and shear stresses in the planes of the front and 
back wadis can be determined through a moment distribution of the unbal¬ 
anced vertical forces on these elements. 

a. Design Criteria. The behavior of reinforced concrete shear 
walls subjected to lateral loads has been deter min ed to some extent by 
test programs at Massachusetts Institute of Technology and Stanford Uni¬ 
versity. See bibliography in EM 1110-345-414. 

As discussed in paragraph 4-13 of EM 1110-345-414, the available 
data permits the determination of the shear resistance at which the wall 
first begins to crack. The corresponding elastic deflection is computed 
as a combination of bending deformation, using the moment of inertia of 
the gross concrete section with flanges, and shear deformation, using the 
gross shear wall web section. The ult ima te shear resistance is determined 
as a function of the steel reinforcement in the shear wall panel and along 
the edge of the wall in compression. The deflection at which the ultimate 
shear load is developed is a function of the deflection when the initial 
cracking occurs, and the height-to-length ratio of the wall. The maxi mi im 
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permissible lateral deflection for design is the deflection at -which the 
ultimate shear load is developed. 

The ultimate shear resistance may he greater than, or equal to, the 
shear resistance at first cracking depending upon the steel reinforcement 
in the shear vail. It is recommended that sufficient steel he provided to 
TnnkA the ultimate resistance equal to the resistance developed at first 
cracking in the vails. If such a design proves inadequate the ultimate 
resistance may he increased hy increasing the steel in the vail, or the 
resistance at first cracking may he increased hy increasing the vail 
thickness. 

Some elements of shear vail structures are subject to combined load¬ 
ing conditions. End vails and roof slabs are elements which are subject 
to blast pressures normal to their surfaces as veil as loads in the plane 
of the slabs. Interior floor slabs of buildings vhich have openings in 
the vails are subject to the same type of combined loads. At certain loca¬ 
tions on the slab the two effects tend to be additive, but, the exact 
stress condition is difficult to determine. It is recommended that where 
the effects are known to be additive that independent reinforcement be 
provided for each stress. An elastic design is recommended for deep beam 
action under lateral loads in the plane of the slabs. Elasto-plastic 
rather than plastic design should be used for roof slabs under blast loads 
acting no rmal to the roof surface thus providing a small factor of safety 
for the over-all behavior. 

A similar co ndi tion exists in exterior shear vails that are subject 
to pressures acting normal to their surfaces in addition to shear loads 
transferred to them from the front and rear vails by the floor and roof 
slabs. For this case the maximum stresses for the two effects do not, in 
general, occur at the same location. Since the behavior of shear vails 
under combined loading is not veil known, independent reinforcement should 
be provided for the two types of stress. In addition, a 50$ reduction in 
the stiffness of end shear walls in the elastic range can be assumed be¬ 
cause of the simultaneous normal and shear blast loading. 

In determining stresses and defonnations in shear wall structures it 
is frequently necessary to apply moment distribution procedures to elements 
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which are very deep in proportion to their length. It is also necessary- 
in a frame analysis of shear walls with corridor openings to assume that a 
length of the panels near each joint of the frame has an infinite area and 
moment of inertia. Modified moment distribution formulas for these cases 
are presented in paragraph 9-04b to enable these problems to be handled 
through a variation of the familiar moment distribution procedure. 

The inherent stiffnesB of shear wall structures mak es them yery 
sensitive to relatively small sliding and overturning actions of the struc¬ 
ture as a unit. Therefore, it is necessary to determine the internal dy¬ 
namic behavior of the shear wall elements simultaneously with an overturn¬ 
ing and sliding analysis. The manner in which these analyses are performed 
is described in paragraph 9-06. 

The determination of the shear wall resistance is explained in 
paragraph 9-05. 

b. Modified Moment Distribution Formulas. In the derivation of the 
usual moment distribution formulas [5] shear deformations are neglected 
and only the moment deformation is considered. Modified formulas which do 
include the effect of shear deformations have been worked out []6j. A 
moment distribution procedure for members which have an infinite moment of 
inertia at the ends has frequently been used for design [7]. In the anal¬ 
ysis of shear walls with large openings as frames it is necessary to make 
use of these modified foimulas and procedures. Modified stiffness factors, 
carry-over factors, and sidesway moment formulas are presented on the fol¬ 
lowing page for a prismatic member with an infinite moment of inertia and 
area at the ends of the member, and including the effect of shear 
deformations. 


m ab 



Figure 9.6. General prismatic member 


A general prismatic member, AB , is 
illustrated in figure 9 . 6 . The end rota¬ 
tions are 9, 


and under the applied 


moments M 


AB 


and 


“BA 


and reactions V, 


and V B acting upon ends A and B , 
respectively. End B is displaced the 
distance A from its initial unloaded 


position, causing the chord rotation ty 


AB 
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The portion of the member lying between the sections defined by x.jL and 
XgL has a constant moment of inertia and area of I q and A q , respec¬ 
tively. Between this portion of the member and the supports A an d B , 
the member has an infinite moment of inertia and an infinite area. 

The moment M._ acting upon the end A of the member AB can be 
Ad 

expressed in the following general form as a function of the joint rota¬ 
tions 6 . and fh. , and of the chord rotation i|r._ : 

A B T AB 


M 


AB 


E! r -1 

- TT L C i e A + C 2°B - < C 1 + C 2> ♦«] 


where 


!l "(‘ 2 - a i ) 


°2 - 


a 2 - a 3 

a l a 3 - < a 2 )! 


and a i = x 2 “ x i 


_ 1 / 2 2 
~ 2 \*2 “ X 1 

“3 ( x 


and a 3 = “ x i 

a^ = a 1 S + a^ 


El 


S = 


2 

LG A 


E = mod-ulus of elasticity 


(9-la) 


G 


E 

“ 2(1 + v) 


= modulus of elasticity in shear 


V = Poisson's ratio (v = 0.1 for concrete) 

I = moment of inertia of member cross section 
o 

A = area in shear of member cross section 
o 


The moment acting upon the end 

pressed in a similar form as a function of 



of member AB can be ex- 
> 0 B > ^ *AB 


El 

“bA ' -r [ C 3 9 B + C 2 e A - < c 3 + C 2> +Ab] 


(9.1b) 


where 


C 


3 



- 2a g + aA 
a 2 “ a 3 / 
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Tlie stiffness factors at joints A and B of member AB are, 
respectively: 


C JB "T 


© 




(9.2a) 


0?he stiffness factors an used in moment distribution solutions are 
proportionality factors. The stiffness factor for example is propor¬ 

tional to the mom ent M.„ required to produce a unit rotation of joint A 

Ad 

of member AB (0^ = l). 

The carry-over factors from joint A to joint B and from joint B 
to joint A are, respectively: 


C 2 a 2 ' a 3 

p n = —— = ——_2 . 

U,U ‘AB C 1 a^ 


C ~ a_ — al 

= _2 = 2 3 

‘BA a i " 2a 2 + ®3 


(9.2b) 


The carry-over factors give the proportion between the moments at each end 
of a member due to a unit joint rotation at one end. For instance, C.O.^g 
is the ratio when and are the result of a joint rota¬ 

tion at A . 

The fixed-end moments due to a chord rotation, , of member AB 

AB 

without joint rotations at A and B (0^ = 0 fi = 0) are given by the 
following equation: 


™u> - -< C 1 + c 2> VT *ab * (1 + Vn | 

El 

- -<°3 + °2 ) ~r *BA - - 4E + C ‘°W VBA 


(9-3) 


where 


^AB ^BA 


9-05 RESISTANCE OF SHEAR WALLS. The resistance function of a shear wall 
is an expression relating its lateral deformation to the resistance which 
the wall develops to resist that deformation. For example, the idealized 
resistance function of a simple one-story shear wall is illustrated in 
figure 9.7. 

The total wall deflection includes both moment and shear 
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deformations. Portions of the front 
and back vails act as flanges on the 
shear vail veb and vill affect the 
moment deformation, but only the 
shear vail web section contributes 
to the shear deformation. The mod¬ 
ified moment distribution formulas 

given in paragraph 9-04b can be used 

, , , . , , _ _ _ . Figure 9.7. Idealized resistance function for a 

to determine the stiffness factors. 8 .in 

one-story shear wall 

The procedure recommended in para¬ 
graph 9-0^a is to proportion the steel in the vail so that R = R , and 
hence kg = 0 . The remainder of this presentation of resistance functions 
will be limited to a discussion of the case where R = R c • These results 
may be applied to other cases by substituting an equivalent average re¬ 
sistance function with R * R . 

u c 

The resistance functions for a single tvo-story shear wall such as 
illustrated in figure 9-8 are as follows: 



Case 1: R 1 - + k 12 y 2 1 

i R ll 

4 <Vc 

R 2 = k^ + k 22 y 2 | 

I r 2 | 

* < R 2>c 

Case 2: R^ = C^ + k_] 1 y 1 

l R ll 

S <Vc 

r 2 - (R 2 ) c 

I r 2 I 

- <v= 

Case 3: R^ = (R 1 ) q 

I R 1 

* < R 1>C 

R 2 = C 2 + k 22^ X 2 ” X l^ 

| R 2 



k. (where i = 1, 2 and j = 1, 2) = wall resistance in i-th story 
iJ developed by unit lateral deflection of top of j-th story vail 
(kips/ft) 

k n1 = wall resistance in first story developed by unit lateral de¬ 
flection of top of first-story vail (kips/ft) 

y^ = lateral deflection of top of i-th story wall (ft) 

R^ * lateral resistance developed in i-th story wall (kips) 

(R i ) c = lateral resistance of i-th story vail at which initial crack¬ 
ing occurs (kips) 

As the maximum resistance R = R_ is reached in any story, the 

\1 c 
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1st Story Shear Wall 


Figure 9.8. Two-story shear wall 


resistance functions are altered to reflect 

Roof Slob-v 

*~ g Tzzszzzzzzzzk^zzzrzzzzz zzzzzzm the plastic stress condition (no further 

^ *-r 2 ^ increase in moment and shear stresses) in 

Front Woll ^ 2nd story She0r WoH ^ Bock Woll , , ' 

^ that particular story wall under further 

P ^ Floor SlatK / 

J -*- hzzzzzzzzzzzzsza(zzz!zzzzzzi 2 z^ deformation. 

* -«-R| ^ In general, the shear wall problem is 

\ '*tstorysheorwan ^ not as simple as illustrated in figures 9.7 

9-8. Many shear wall structures have 
„ „ _ . „ longitudinal corridors which require open- 

rigure 9.8. I wo-story shear wall 

ings in the shear walls (see fig. 9*9&)* 
Such walls can he analyzed as a rigid frame, using the modified moment dis¬ 
tribution method presented in paragraph 9-04b. The maximum lateral resist¬ 
ance of each story is determined by the strength of the individual shear 
wall components. The parts of the a 

wall and foundation which join the I I I ■ b-,'^4 

- if r - 1 c.q.oxls_B *► Corridor -j H fr 

two portions of the shear wall are f - ■ Bf I P H s j 0ptnln H c.,.0,1} 

l|J ! .... | " ""[... ■ . : "" j Section A-A 

made strong enough so that the initial { ar _J-—L_ 

O Sections B-B Bf V c - 4-j -y-- 

cracking will occur in the shear wall ^^. c, oxis 

Section C-C 

panels each side of the openings, thus c 

developing the full strength of the . .—.. 


Sections B-B 




Corridor 


1 A' 

Lpl 

\.0penlngs 

A - 


S 

J 




■ ■ — 


c.g.oxls 1 
Section A-A 

c.g. axis' 
Section C-C 


(q) Shear Wall with Openings 


shear wall. B _ B e . B 

In applying the moment dis- «| - 5 a-a,-> 

[jp 4 Vt 

tribution method of paragraph 9-04b b-b b-b 

to the solution of a shear wall with 

Frame has infinite I and A over regions ob,bc.de,ef, etc. 

openings 9 the equivalent frame axes Frame has finite I and A In sects. A-A, B-B, and C*C. 

(b) Equivalent Frame 

should be chosen to coincide with the 

centroi dal axes of the various struc- Figure 9 ' 9> Shear ™ all f th openings and 

equivalent frame 

tural sections around the openings in 

the wall as indicated in figure 9.9. The portion of each member of the 
frame which lies between the edge of the opening and the corner of the 
frame is assumed to have an infinite moment of inertia I and area A . 
In the usual building frame the members are relatively slender and it is 
therefore not necessary to consider the change in the moment of inertia 
near the frame joints. The shear wall elements, however, are very thick 


Figure 9.9. Shear wall with openings and 
equivalent frame 
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relative to their length and the interference of the members at the frame 
joints must he handled as described above by assuming the overlapping por¬ 
tions of the members to have infinite stiffness. Thus the frame analysis 
includes only the shear and moment distortions of the portions of the -wall 
adjacent to the openings. The horizontal shear distortion of the •wall be¬ 
tween the openings and between the upper opening and the roof of the struc¬ 
ture may be superimposed upon the frame analysis if desired. 

9-06 SLIDING AND OVERTURNING ANALYSES, a. General. The investigation 
of foundations for sliding and overturning is discussed in paragraph 6-31 
of EM 1110-345-4l6. In the design of shear wall structures it is partic¬ 
ularly important that this mode of behavior be investigated, not only to 
obtain the magnitude of the overturning and sliding but pr ima rily to de¬ 
termine the effect upon the shear wall response. Shear walls are very 
stiff structural elements and their behavior is greatly affected by the 
inertial forces caused by small sliding and overturning tendencies. For 
this reason the design procedure in paragraph 9~07 requires consideration 
of the rigid body sliding and overturning in the preliminary design and a 
combined dynamic, sliding, and overturning analysis in the final design. 

b. Rigid Body Analysis. In paragraph 6-31 sliding and overturning 
of a rigid body are discussed and equations are presented by which the mag¬ 
nitude of the sliding and overturning may be obtained. The same equations 
are presented in this paragraph and 
developed further in paragraph 
9-06c to include the internal de¬ 
formation of the structure as a 
phenomenon occurring simultaneously 
with the sliding and overturning. 

For structures located on 
soil, the structure is considered 
to rotate about the centroidal axis 
through the base of the footings 
and sliding and overturning are 
analyzed simultaneously. Figure 
9-10 illustrates the forces acting 
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upon the structure as a rigid tody. The structure rotates about the cen- 
troidal axis through the point "0" at the base of the footings. The angu¬ 
lar acceleration of the structure about the axis "0" is given by: 


where 


a 



(9-4) 


a 0 = angular acceleration of structure about axis of rotation ”0" 

o> o = angular velocity of structure about axis of rotation "0" 

@ o = angular displacement of structure about axis of rotation "0" 

M q = moment of all external forces about axis of rotation "0" 

I = mass moment of inertia of structure about axis of rotation "0" 

F q = summation of all external horizontal forces applied to the 
structure including foundation reactions 

m = total moving mass of structure and earth enclosed between 
footings 

y = vertical distance from axis of rotation "0" to centroid of 
total moving mass, m 

m^ = mass of structure considered to rotate as well as translate 

y r = vertical distance from axis of rotation "0" to centroid of 
rotating mass, m^ 

The horizontal acceleration of the axis "0" is given by: 


x 

o 



(9.5) 


where 

x. = horizontal acceleration of axis of rotation "0" 
o 

v q = horizontal velocity of axis of rotation "0" 

x q = horizontal displacement of axis of rotation "0" 

The force components necessary for the computation of the forces F 

o 

and the moment M q are illustrated in figure 9• 10 for a symmetrical struc¬ 
ture. The computation of the sliding and rotation of the structure as a 
function of time is accomplished by concurrent numerical integrations of 
equations (9-4) and (9*5) using the methods outlined in paragraph 5-08. If 
the structure does not slide or stops sliding (v = 0) at some point in 
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the analysis, equation (9-4) must be revised to the following form 



(9-6) 


For the case of no sliding, only the solution by num e rical integra¬ 
tion of equation (9*6) is necessary. When the structure does not slide 
the velocity v q of the axis of rotation *'0" is equal to zero and the ac¬ 
celeration x q is equal to zero. Setting equation (9-5) equal to zero 
the following sliding criterion is obtained: 


Sliding occurs when F q > mya o 

When v = 0 and F is not greater than mya , then F = mya 
o o o o o 


(9-7) 


The value thus obtained for F , the summation of all external horizontal 

o 

forces applied to the structure including the foundation reactions, may be 
used to determine the magnitude of the horizontal foundation reactions de¬ 
veloped when the structure does not slide. These reactions are necessary 
to compute the value of for the solution of equation (9-6). 

c. Simultaneous Dynamic Sliding and Overturning Analysis. The 
simultaneous dynamic sliding and overturning analysis involves the hori¬ 
zontal deformation of the shear walls in addition to rigid body modes of 
behavior. The forces acting upon a two-story structure are illustrated 
in figure 9*11* In a manner similar to that for the rigid body analysis, 
the structure is assumed to rotate about point "0," the central transverse 
axis at the base of the footings. The angular acceleration of the struc¬ 
ture about "0" is given for a structure of n-stories by: 


M 


a = 
o 


(F x - R 1 )y 1 


(F 2 - R 2 )y 2 - (F - R 3 )y 3 


(F - R )y 
n n n 


I - 
o 


2 2 
¥l '*¥2 


(9.8) 


- 


m y 
n J n 


where 

a = angular acceleration of structure about axis of rotation "0” 
of structure 

M = moment of all external forces about axis of rotation "0" 
o 

I = mass moment of inertia of structure about axis of rotation "0" 

o 
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F i (i = l,2....n) = summation of all external horizontal forces ap¬ 
plied to mass m^ , including foundation reactions 

R^ (i = 1 , 2 .... n) = horizontal resistance developed by structure at 

location of mass m^ due to internal structural 
deformation 

The horizontal acceleration of point "0" is given by: 


(F x - 






- Vi 


(9.9) 


where 


x q = horizontal acceleration of axis of rotation "0" 

The relative horizontal accelerations of the shear walls are given by: 

(F — R ) 

*i = ' 1 - (i 0 + a o y i } (9.10) 

where 

(i = 2,3 ....n) = horizontal acceleration of the mass at floor 
level "i" with respect to the acceleration 
caused by the rigid body sliding and overturning 
about axis "0" 

x i = 2 ^3 -•••n) = horizontal velocity of the mass at floor level 

i' with respect to the velocity caused by the 
rigid body sliding and overturning about axis "0" 

x i (i = 2 ,3-n) = horizontal displacement of the mass at floor 

level i" with respect to the displacement caused 
by the rigid body sliding and overturning about 
axis "0" 


The force components used for the computation of the forces F and 
the moment M q are shown for a symmetrical structure in figure 9.11* The 
computation of the shear wall displacements and the sliding and rotation 
is accomplished by a numerical integration of equations (9.8), (9.9), and 
(9-10). The deflections must all be computed simultaneously. If the 
structure does not slide or stops sliding (x q = 0) at some point in the 
analysis, equation (9*8) becomes: 


a 

o 


M o ~ ( F 2 " R 2^ y 2 " ( F 3 " R 3^ y 3 ".( F n - \)y n 


EL 


2*2 


m 3 y 3 


m y 
n J n 


(9-11) 
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Figure 9 . 11. Forces acting upon two-story structure 

For the case of no sliding, only the solution by numerical integra¬ 
tion of equations (9-10) and (9-11) is necessary. When the structure does 
not slide the velocity v q of the axis of rotation "0" is equal to zero 
and the acceleration x q is equal to zero. Setting equation (9-9) equal 
to zero, one obtains the following criteria: 


Sliding occurs when (F^ - R^) > m^y^o^ 

When v Q = 0 and (F]_ - R-j_) is not greater than (9-12) 

then (F-l - R-j_) = m^^ 

Care must be taken in the computation of I q , the mass moment of 
inertia of the structure about the axis of rotation "0." Because of the 


manner of construction of the structure it is often desirable to assume 
that some portions of the structure (such as the shear walls, front and 
back walls, and the edges of the roof supported by the walls) rotate as 
well as translate, whereas other portions (isolated footings and the 
columns and the roof supported by them) translate without rotating. 


The computation of 1^ is thus the determination of the polar moment of 
inertia about "0" of those masses which rotate and translate, and the 
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moment of inertia about a horizontal plane through "0" of those masses 
■which only translate. 

9-07 GENERAL DESIGN PROCEDURE. The general design procedure for a shear 
wall structure built to withstand air blast loading is as follows: 

Step 1. Determine the design criteria. These consist of the blast 
design loads, allowable stresses, clearances required, and the minimum al¬ 
lowable sizes of the structural elements. The minimum sizes may be based 
upon the required static load capacity, building code specification, or 
practical construction requirements. A preliminary layout of the struc¬ 
ture at this point is very helpful. 

Step 2. Design the roof and floor systems, columns, and column foot¬ 
ings to carry the maximum vertical blast loads or conventional design loads 
as applicable. The critical blast loading on the roof is generally caused 
by Zone 1 roof loading with the blast wave traveling parallel to the long 
side of the structure. The roof dynamic reactions under the average Zone 3 
roof loading (computed in Step 3) are determined for later use in the com¬ 
bined dynamic, sliding, and overturning shear wall analysis (Step 8). In 
designing the roof system one should keep in mind that the roof and floor 
slabs act as deep beams to transmit the horizontal front and back wall 
dynamic reactions to the top of the shear walls. The maximum stresses 
under the combined slab and deep beam actions do not occur together and no 
interaction formula is used in the design. Although separate steel rein¬ 
forcement is provided for the two types of behavior, the designer has the 
option of designing the roof slab under the vertical roof overpressure 
for elastic and elasto-plastic action only. A safety factor is thus pro¬ 
vided by the additional slab deflection possible in the plastic range in 
case the roof slab is overloaded by the simultaneous deep beam action. 

Step 3. Determine the over-all dimensions of the structure and com¬ 
pute the average front wall, back wall, and Zone 3 roof loadings for the 
blast wave traveling normal to the long side of the structure. 

Step 4. Design the exterior walls of the structure for the front 
wall loading and determine the lateral dynamic reactions of the front and 
back walls on the structure. Design the exterior wall footings. 

Step 5- Perform a rigid body simultaneous sliding and overturning 
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analysis of the structure. Use the average front ■wall, hack "wall, and 
Zone 3 roof loadings computed in Step 3 for this analysis. Check the max¬ 
imum soil pressures developed under the footings and revise footing sizes 
if necessary. 

Step 6 . Design the shear -walls to carry the front wall dynamic re¬ 
actions combined with the inertial forces in the structure due to the 
rigid body accelerations computed in Step 5• It is assumed that the shear 
walls all deflect the same distance, hence the total lateral load on each 
shear wall is proportional to the relative stiffness of the shear walls. 
This assumption, which makes it possible to analyze the dy nami c behavior 
of all shear walls simultaneously, is equivalent to the standard assump¬ 
tion in building design that the roof and floor slabs act as rigid dia¬ 
phragms. The stiffness of the end shear walls in the elastic range is 
arbitrarily reduced fifty percent because of the effect of the simultaneous 
normal blast loads acting upon the end walls. 

Step J. Perform, a simultaneous dynamic shear wall, sliding, and 
overturning analysis to determine the final structural behavior. Check 
the TnftTHnnTm soil stresses and the maximum net lateral forces acting on the 
shear walls. Revise the footing and shear wall design if necessary. 

Step 8 . Design the roof and floor slabs as deep beams to carry the 
maximum net horizontal forces acting upon the shear walls as determined in 
Step 7 . Design the front and back walls to carry the max imum net vertical 
roof and footing forces to the front and back edges, respectively, of the 
shear walls. The maximum shears and moments in the roof and wall el em e n ts 
as deep beams are determined by a moment distribution analysis. The hori¬ 
zontal roof deep beam reactions obtained from the moment distribution 
analysis are compared with the maximum shear wall reactions obtained in 
Step 7 to check the accuracy of the previous assumption. The shear walls 
are reinforced to resist the largest of the two stresses obtained in this 
step and in Step J. 

DESIGN EXAMPLE, ONE-STORY SHEAR WAIL BUILDING 

9-08 GENERAL, a. Statement of Problem. The design of a windowless one- 
story reinforced concrete shear wall building is presented to illustrate 
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Figure 9.12. Plan of reinforced concrete 
shear wall building 


the principles discussed in the 
preceding sections. The plan of 
the building is shown in figure 
9.12. The foundation is shown in 
figure 9*13 and typical sections 
throughout the building are shown 
in figures 9*14 and 9 - 15 * The 
roof is designed as a two-way slab 
Over the office areas and as a one¬ 
way slab over the corridor. The 
roof is supported by girders and 
columns and by the shear walls and 
exterior walls as indicated. The 
location of the shear walls was 
chosen to suit the functional re¬ 
quirements of the building. 

The air blast incident over¬ 


pressure vs time curve which the building is designed to resist is plotted 
in figure 9*l6. The air blast may approach the structure from any direc¬ 


tion. The shock front is normal to 
the ground surface. The peak air 
blast overpressure is 10 psi and the 
duration of the positive phase is 
0.71 sec (fig. 3.10). 

The strength properties of 
the materials to he used are given 
on page 22. Intermediate 



grade reinforcing steel and a 


Figure 9 A3. Typical foundation arrangement 



Figure 9A4 . Section A-A of figure 9A2 
at shear wall 



Figure 9A5. Typical section; B-B of 
figure 9.12 
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Time, t (sec) 

Figure 9.16. Air blast incident overpressure vs time curve 
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3000-psi concrete are to be specified. A thirty percent increase in 
strength of the materials is used because of the high rates of strain 
under dynamic loads. The notation used is that introduced in EM 
1110-345-414. It will be noted that the strength -values assumed for this 
example do not agree with the values recommended in EM 1110-345-414. The 
latter should be -used for current projects. 


f * 40,000 psi f^ c « 3,900 psi 

E « 3(10 6 ) psi f' = 3,000 psi 

c c 

f^ « 52,000 psi n - 10 

The structure is to be located upon a compact sand-gravel mixture 
having the following properties (see par. 4-15): 

Normal load-bearing capacity = 10 kips/sq ft 
Ultimate load-bearing capacity = 30 kips/sq. ft 
Modulus of elasticity = 40,000 psi 
Coefficient of friction (soil on soil) * O.75 
Coefficient of friction (concrete on soil) =0.75 
Unit weight of soil = 100 lb/cu ft 

Normal component of passive pressure coefficient, Kp^ = 10 
b. Design Procedure. The design of the structural elements is ac¬ 
complished in the following order in accordance with the procedures pre¬ 
sented in paragraph 9-07: 

9-09 Design of Roof Slabs 
9-10 Design of Roof Girders 
9-11 Column and Column Footing Design 
9-12 Wall Slab Design 

9-13 Rigid Body Overturning and Sliding Analysis 
9-14 Preliminary Investigation of Shear Walls 
9-15 Dynamic Overturning and Sliding Investigation 
9-l6 Roof and Floor Slab Design (Deep Beam Action) 

9-17 Wall Analysis (Deep Beam Action) 

9-18 Final Design of Shear Walls 
9-19 Design Summary 

9-09 DESIGN OF ROOF SLABS, a. Vertical Blast Loads on Roof. The direc¬ 
tion of travel of the air blast wave is assumed to be normal to either wall 
of the building to determine the critical load for all elements. 
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Paragraph. 3-09 indicates the -variations in roof loading -with direction of 

the blast wye by the use of zones where: 

Zone 1 indicates full incident blast -wave overpressure. 

Zone 2 indicates slightly reduced incident blast wave over¬ 
pressure. 

Zone 3 indicates greatly reduced incident blast wave over¬ 
pressure . 


With the direction of travel of the blast wave normal to the long 
dimension of the building, it is apparent that the roof loading in the end 
bays (Zones 1 and 2) is greater than in the center bays (Zone 3), and the 
end roof panels are critical. However, with the air blast wave traveling 
in the direction normal to the short dimension of the building, the maxi¬ 
mum loading (Zone l) exists over the entire roof. Therefore, the roof 
slabs must all be designed to carry the Zone 1 loading which is the full 
incident blast wave overpressure illustrated in figure 9 . 1 . 6 . 

For the portion of the roof designed as a series of two-way slabs, 
it is necessary to consider the total load on each slab. The load curve 
for a typical slab is obtained by using the average Zone 1 pressure on the 
slab computed as explained in paragraph 3-09®• This average overpressure¬ 
time curve is plotted in figure 9-IT* 

For the portion of the roof designed as a one-way slab, it is neces¬ 
sary to consider only the instantaneous pressure on a one-foot strip of 
slab, using the local Zone 1 overpressure-time curve (fig. 9 . 16 ). 

It is important to note, that the average blast loading over the 
entire roof surface which takes into account the reduction of overpressure 
in Zone 3 (fig. 9.18) is used in the foundation design and overturning and 
sliding analysis because it gives the true total load on the roof. To as¬ 
sume the average Zone 1 loads over the entire roof would not be realistic 
for the sliding analysis because the total load and therefore the friction 
would be too great. 

b. Design of Two-way Roof Slabs. The roof slab design in this step 
is based on only the blast loads normal to the slab. The deep beam action 
of the roof slab acting as a horizontal load-carrying element is tempo¬ 
rarily disregarded because the lateral loads cannot be obtained until after 
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Figure 9.17. Average Zone 1 roof overpressure vs time curve on 11-ft-l-inby 18-ft-8-in. slab 
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the front wall has "been designed. (This will he considered later in para¬ 
graph 9-l6.) The design is based on elastic and elasto-plastic action of 
a two-way slab so that additional capacity to absorb energy will be avail¬ 
able in the purely plastic range. This will provide a safety factor 
against possible overloading of the slab due to the simultaneous deep beam 
action. 

As stated in paragraph 9-09a, the vertical blast load is assumed to 
he uniformly distributed over the slab. The continuity of the slab over 
girders and transverse walls and at the wall-to-roof Junctions Justifies 
the assumption of full fixity at the four edges of the slab. 

The first step in the procedure used in designing the roof slab is 
to assume a d ynami c load factor (D.L.F.) for a preliminary determination 
of the required resistance. The slab dead weight is neglected in this 
calculation. . From this resistance a first trial size is obtained. The 
properties of the actual slab are then computed frcm previously listed 
formulas as noted. 

The equivalent single-degree dynamic system is obtained by applying 
coefficients taken from EM 1110-345-416 to the appropriate slab properties. 
The preliminary slab size is verified by a numerical integration procedure 
described in paragraph 5-08 using the Zone 1 load. In addition, the slab 
dynamic reaction, which is obtained from the numerical integration, is 
needed for the girder design which follows. 

A final numerical analysis of the two-way roof slab is made to obtain 
the dynamic reactions from the average Zone 3 roof overpressure-time curve 
(fig. 9-18). These reactions are used later for the simultaneous dynamic, 
sliding and overturning analysis. 

c. Design Conditions. Two-way slab, fixed four sides, elastic and 
elasto-plastic action, uniformly distributed load, equal strength at center 
_ and supports in both directions. Zone 1 loading con¬ 
dition. 

a * ll'-l" 

d. Dynamic Design Factors (Table 6.2B). 
a/b = 11 . 08 / 18.67 « 0.593, say 0.6 

Elastic: = 0.71, k. - 778 El /a 2 

- 26 - k 




■ o |. 


y>;/;/////77 7 7r/ 77 7/z/f /, 
i 

b= l8‘-8" 
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V, = 0.06P + 0.09R, V„ = 0.12P + 0.23R 
A -D 

2 

Elasto-plastlc: * 0.74, k 212 EI a /a 

H m - : [“<“?£» + “psa) + ^'“pfb + w] 

V A = 0.04P + 0.1IR, V- * 0.09P + O.26R 

A n 

e. Required Slab Properties. Assume p = 0.015 in each direction 
in hot-tom of slab at center of span and top of slab at supports. Neglect 
compression steel in strength computation. 


O IL 1 1 

“Psb * llToS “pfb * lToS “pat ' T^f “pfa * lHTSf “paa 


(eq. 4.17) 


* P V “ 2 ( X - l P 7o\' ) (eq 4.17) 

- 0.015(52) ~ (d) 2 [l - = 0.688 d 2 kip-ft/ft 

R m - 26.4 = 26.4 (0.688 d 2 ) = 18.2 d 2 kips (d in in.) 

|l2 [18.67(0.688 d 2 ) + 18.67 (0.688 d 2 )] + 

9.3 |"ll.08(0.688 d 2 ) + 11.08(0.688 d 2 )] } 
o . . o L J ’ 


TT7o5 


= (27.8 + 12.8) d 2 - 40.6 d 2 kips 


f. First Trial Section. Assume D.L.F. =1.5 (approximate value for 
preliminary elasto-plastic design) 

(D.L.F.)(Max P f for Zone l)(a)(b) 

Redd R m =-1^00- 

= 1.5(9.88)144(11.08) 18.67/1,000 = 44l kips, 40.6 d 2 = 44l 


Reqd d =-s/l0.8 = 3.3 in. 

Reqd A g = pdb = 0.015(3-3)12 = 0.60 in. 2 /ft 

Try #5 at 6 in., A = 0.62 in. 2 /ft, Zo = 3-9 in./ft 

s 

t = 6 in., negative d = 3-5 in., positive d = 4 in. 
negative p = (0.62)/3»5(12) = 0.0148 at support 
positive p = (0.62)/4(l2) = 0.0129 at center 




em 1110-345-419 
15 Jan 58 


9-09f 


Use #5 at 12 in. for positive steel at support and for negative 
steel at center of span for reverse bending resistance. 

“pfa = ^ p pos^ f dy^ a ^ d P°s^ 1 " iV 

= 0.0129 (52)11.08(4) 2 1 1 ' r ^ffl - 106 .9 kip-ft 

“pfb = (a^fa = lT7o5 ^ lo6 *9) * 180.1 kip-ft 

^Psa = ^ P neg^ f dy^ a ^ d neg^ 1 " j 

- °- 0148 (52)n.08(3.5) 2 [1 - - 92.4 kip-ft 

^sb = (l) npsa = ir§ (92 ' 4) = 155 -9 kip-ft 

Weight of slab « 11.08(l8.67)(l50)/2(l,000) « 15.5 kips 
R Im = 26.4 - (weight of slab) 

“ 26.4 - 15.5 = 26.4(155.9)/l8 .67 - 15.5 = 204 kips 

B m ’ I ^"pfa + *W> + 3-3 (Mp^ + H^) 

* ioToH [l2( loe -9 + 92.4) + 9-3(180.1 + 155.9)] - 15.5 - 483 fcLps 
I g = t>t 3 /l2 = 12(6) 3 /12 = 216 in.Vft 

Use positive steel at center of span for computation of I 
p - 0.0129, m = 10, from table 1 in reference [ 8 ], k = O. 395 . 

I t = b ^ kd ) 3 + n P(l - k ) 2 d 3 

= ( 12 ) [( 0 . 395 ) 3 ( 4) 3 /3 + 10 ( 0 . 0129 )(l - 0.395) 2 (4) 3 ] 

* 12 (i’317 + 3 . 025 ) a 52 in. /ft 

I a * ^g + r tV2 * (216 + 52)/2 « 134 in.^/ft 
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Elastic: 

k^ = 778 EI a /a 2 = 778(3)10 3 (134)/(11.08 ) 2 144 = 17 >T 20 kips/ft 
y e = R i m / k l = 20 V iy >7 20 * 0.0115 ft 

2 

Mass of slab = m + = 15-5/32.2 = 0.48l kip-sec /ft 

Elastic T n = 2k m^/k » 6.28 -^0.7l(0.48l)/l7,720 = 0.028 sec 

Elasto-plastic: 

k = 212 EI a /a 2 = |^§ ( 17 , 720 ) = 4,840 kips/ft 

y « y + (R - R. )/k = 0.0115 + (483 - 204)/4,84o = 0.0691 ft 

ep e m 1 m ' ep 


g . Verification of Design and Reaction Determination by Numerical 
Integration. Use acceleration impulse extrapolation method (par. 5-08d). 


y n + 1 ‘ 2y n ‘ y n - 1 + y n( At >‘ 


(eq. 5-49) 


' ( P n - V/VN; 


Use At = 0.0025 sec (approximately l/lO of elastic ) 
Elastic Strain Range: 

(At) 2 /K u jn t = ( 0 . 0025 ) 2 / 0 . 71 ( 0 .481) = 0.0000183 
y n (At ) 2 = 0.0000183 (P n - R n ) 

R n = k l y n = 17 > 72 ° y n ' (y n ~ °' 0115 = y e ) 

P n = 11.08(18.67)144 P roQf /l ,000 = 29.8 P roof kips 

P -is obtained from figure 9•17 
roof 

V A = 0 . 06 P + 0.09R , V B = 0.12P + 0.23R 

Elasto-plastic Strain Range: 

(At) 2 /K IM m t = ( 0 . 0025 ) 2 / 0 .74(0.481) = 0.0000176 

y n (At ) 2 = 0.0000176 (P n - R n ) 

R - R. + 4,840 (y - y ) 
n lm ’ w n e 

= 148 + 4,840 y n , (y g = 0.0115 s y n < 0.0691 = y gp ) 
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P„ is identical with elastic case 
n 

V A = 0.04P + 0 . 11 R , V B = 0 . 09 P + O. 26 R 

Table 9.1. Determination of Maximum Deflection and Dynamic Reactions 
for Two-way Roof Slab, First Trial (Zone 1 Loading) 


t 

(sec) 

P ^ 
roof 

(psi) 

P 

n 

(kips) 

R 

n 

(kips) 

? ~ R 

n n 

(kips) 

»a<“> 2 

(ft) 

y n 

(ft) 

Strain 

Range 

V A 

(kips) 

V B 

(kips) 

0 

0.0025 

0.005 

0.0075 

0.010 

0.0125 

0.015 

0.0175 

0.020 

0.0225 

0 

3-08 
6.16 
9.24 
9-84 
9-75 
9-68 
9-61 
9-55 
9.48 

0 

91.7 

184 

275 

293 

290 

288 

286 

284 

282 

0 

4.75 

37.80 

75.30 

183.0 

234.2 

277.0 

320.0 

360 

237** 

91.7/6 

86.9 

146.2 

199.7 

110.0 

55-8 

11.0 

-34.0 

-76.0 

0.000268 

0.00159 

0.00267 

0.00366 

0.00201 

O.OOO99 

0.00019 

-0.00060 

-0.00139 

0 

0.000268 

0.00213 

0.00425 

0.01003 

O.OI782 

0.02660 

0.03557 

0 . 04394 * 

O.O3696 

e 

e 

e 

e 

e-p 

e-p 

e-p 

e-P 

e 

0 

5.93 
14.45 
23.28 
34.08 
37 . 4 o 
32.00 
46.65 
51.00 
38.20 

0 

12.09 

30.80 

50.30 

77.20 

87.IO 

97.90 

108.0 

119.2 

88.40 

* Maximum, deflection = 0.04-39 ft < O.O69I = x 
** R n = 360 - (0.04394 - y n ) 17,720 = 17,720 yj 

- 4l8 . 





Maximum deflection is in the elasto-plastic range as desired, hence 
the section is satisfactory for tending. — 

h. Shear Strength and Bond Stress. S \ / 

Area contributing dead load to "b" \_ / 

edges as outlined in diagram by / \ 0 ’ "'° 8 

dotted lines / Y 5 * \ 

= 18 . 67 ( 11 . 08 ) - (II. 08 ) /2 S \ 

= 145 ft 2 ^— 

^_ b » 18.67 _ 

Dead load along one "b" edge 1 *" 

= (area) (y|) 150 / 2 ( 1 , 000 ) = l45( 75 )/ 2 ( 1 , 000 ) = 5-4 kips 

Area contributing dead load to "a" edges = (ll.08) 2 /2 = 6 l ft 2 

Dead load along one "a" edge * 61 ( 75 )/2(l,000) = 2.3 kips 

Maximum total shear along edge "a" = 2.3 + 51 = 53.3 kips 
= 53 - 3 / 11-08 kips/ft = 4.82 kips/ft 

Maximum total shear along edge "b" = 5.4 + 119 = 124.4 kins 

= 124 . 4 / 18.67 kips/ft = 6.68 kips/ft 

Maximum shear intensity = v = V/bjd = 6 . 68 (l, 000 )/l 2 (X) 3.5 
= I 83 psi \°/ 


\ 7 

\ 

>-.< 

77 

/ \ 


b = l8.67‘ 
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Allowable v y = 0.04 f' Q + 5,000 p + r f y (eq. 4.24a) 

= 0.04 (3,000) + 5,000(0.0148) = 194 psi 

Maximum bond intensity = u = v/2ojd = 6.68(l,000)/3.9 (i) 3.5 
= 558 psl V ' 

Allowable u = 0.15 (par. 4-09b) 

= 0.15 (3,000) = 450 psl < 558 psi 
Because of bond stress excess a thicker slab will be tried. 

Use t = 6-1/2 in., #4 at 4 in., £0 * 4.7 in., A g = 0.60 in. 2 /ft 
1. Revised Slab Properties. 

t = 6-1/2 in., #4 at 4 in., £0 = 4.7 in., A g = 0.60 in. 2 /ft 
negative d = 4 in., negative p = (0.60)/4(l2) = 0.0125 
positive d = 4.5 in., positive p 

= (0.60/4.5(12) = 0.0111 


Use #4 at 8 in. for compression g 

steel at support and at center of span 
for reverse bending to provide resistance 
to rebound. Ignore this steel in strength 
and stiffness computations. 

Npfa = ^ p pos^ f dy ^ a ^ d pos^ 1 " 1 ? 7 fJT 

= 0.0111(52) 11.08(4.5) 2 1 
“Pfb * (I) ^fa = (ll8 - 2) = 

^Psa = ^ P neg^ f dy ^ a ^ d neg^ 1 ' TT^f^ 


^ No.4 at 4in. Over Support—. 
No.4 at 8 in. Each Way at Center) 


No.4 at 4in. Each Way 
at Center 

"No. 4 at 8 in. Each Way' 
at Support 

1 a I c II 

a = II -I 
b * is'-e" 


0.0111(52' 

1.70(3.9) 


= 118.2 kip-ft 


0.0125(52) 11.08(4)‘ 


0 . 0125 ( 52 ; 

1.70(3.9) 


= 115.2 kip-ft 


S* ■ (!) “pb. * iri (^ 5 . 2 ) -194.2 kip-ft 


Weight of slab = 11.08(18.67) 150(6.5)/l2(l,000) = l6.8 kips 
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R 1to = 26.4 Mp g ^ - (weight of slab) 

= 26.4 M^ sb - 16.8 = 26.4(194.2)/18.67 - 16.8 = 258 kips 

\ - ; [^“pfa + “psa) + 9-3(*Wb + “psb>] ' ° f >^) 

- U755 [ 12 ( 118.2 + 115 . 2 ) + 9-3(199.1 + 194.2)] - 16.8 = 566 kips 

I = ht 3 /l2 = 12(6.5) 3 /12 = 274 in. 4 /ft 

o 

At center positive p = 0.0111, n = 10, from table 1 in reference ([ 2 ]] 

4 = 0.373 

I t = "b [^(kd) 3 + np(l - k) 2 d 3 J 

= 12 [( 0 . 373 ) 3 ( 4 . 5) 3 /3 + 10 ( 0 . 0111)(1 - 0.373) 2 (4.5) 3 ] 
= 12 (1-577 + 3.98) =67 in. 4 /ft 

I a = + Z t^ 2 = ( 2 74 + 67)/2 = 170 in. 4 /ft 

Elastic: 

\ = T78 EI a /a 2 = 778(3)10 3 (170)/(11.o8 ) 2 144 = 22,400 kips/ft 
y e = R lm/ k l = 2 58/22,400 = 0.0115 ft 

Elastic T n = 2^V^A = 6.28Vo.71(0.521)/22,400 = 0.026 sec 
Elasto-plastic: 

k ep = 212 m J &2 = ffE (22,400) = 6,100 kips/ft 

y ep = y e + (R m “ R Im )/k ep = °- 0115 + (566 - 258)/6,100 = 0.0620 ft 

Mass of slab = m = (weight of slab)/g = 16.8/32.2 
= 0.521 kip-sec 2 /ft 


j * Y. er lfl ca bion of Design and Reaction Determination by Numerical 
Integration (Re vised Slab). Use acceleration impulse extrapolation method 
(par. 5-08d). 
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+ 1 - - y n - 1 + y n (At> ‘ 


(eq. 5-49) 


?n - (P n - B n'Vt 

At * 0.0025 sec (approximately l/lO elastic T^) 


Table 9.2. Determination of Maximum Deflection and Dynamic Reactions 
for Two-way Roof Slab, Second Trial (Zone 1 Loading) 


t 

(sec) 

P . 
roof 

(pal) 

P 

n 

(kips) 

R 

n 

(kips) 

P - R 
n n 

(kips) 

y n (At) 2 

(ft) 

y n 

(ft) 

Strain 

Range 

V A 

(kips) 

V B 

(kips) 

V 

(kips) 

0 

0 

0 

0 

91.7/6 

0.000258 

0 


0 

0 

0 

0.0025 

3.08 

91-7 

5.77 

85.9 

0.00145 

0.000258 

e 

6.02 

12.3 

12.3 

0.005 

6.16 

184 

44.1 

139-9 

0.00236 

0.00197 

e 

14.90 

32.3 

32.3 

0.0075 

9.24 

275 

83.4 

191.6 

0.00324 

0.00372 

e 

24.0 

52.1 

52.1 

0.010 

9.84 

293 

195.0 

98 

0.00166 

0.00871 

e 

35-1 

80.2 

92.5 

0.0125 

9-75 

290 

281.7 

+8.3 

0.00013 

0.01536 

e-p 

42.6 

99.4 

131-7 

0.015 

9.68 

288 

323 

-35 

-0.00057 

0.02214 

e-p 

47-1 

110.1 

162.2 

0.0175 

9.61 

286 

361 

-76 

-0.00123 

0.02835 

e-p 

51.3 

119-9 

200.1 

0.020 

9-55 

281* 

391 

-107 

-0.00173 

0.03333 

e-p 

54.4 

127.0 

226.4 

0.0225 

9-48 

282 

4 n 

-129 

-0.00209 

O.O3658 

e-p 

56.5 

132.4 

242.4 

0.025 

9-4l 

280 

4i8 

-138 

-0.00224 

0.03774 

e-p 

57-2 

134.2 

254.1** 

0.0275 

9-35 

278 

393-8t 

-115.8 

-0.00196 

0.03666 

e 

52.1 

123-9 

250.9 

0.030 

9.28 

276 

348 

-72 

-0.00122 

0.03362 

e 

47-9 

113.2 

245.6 

0.0325 

9«20 

274 

230 

+1*4 

+0.000743 

0.02936 

e 

37-0 

85.8 

220.0 

0.035 

9-15 

272 

153 

+119 

+0.00201 

0.02584 

e 

30.0 

67.8 

191.7 

0.0375 

9.10 

271 

118 

+153 

+0.00258 

0.02433 

e 

26.8 

59-7 

172.9 

0.040 

9-02 

269 

143 

126 

0.00213 

0.02540 

e 

28.9 

65.2 

151.0 

0.0^25 

8.97 

268 

214 

54 

0.00091 

0.02860 

e 

35-3 

81.3 

149.1 

0.0l*5 

8.90 

265 

305 

-40 

-0.00068 

0.03271 

e 

43-3 

101.9 

l6l.6 

0.0475 

8.83 

263 

383 

-120 

-0.00203 

0.03614 

e 

50.2 

119-7 

184-9 

0.050 

8.78 

262 

4l4 

-152 

-0.00257 

0.03754 

e 

52-9 

126.5 

207.8 

0.0525 

8.70 

260 

388 



0.03637 

e 

50.6 

120.5 

222.4 


* v' » V (t ) + v b^h " °- 0075 )* TIl1b i8 avera 6 e 10414 oa S 114 * 51, a-t " b ” 6114 of alal “B* 11 

to be used later In girder design. Time for blast nave to traverse 11 ft 1 In. direc- 
tlon of slab - 2ta - 11.08/l,400 - 0.008 « 0.0075- (Velocity of blast wave =■ 1,400 fP 8 -) 
*-* Maximum V^ “ 254 kips. (See pox. 9-10d.) 
t R = 4l8 - (0.03774 - y)(22,400) - -427 + 22,400 y 

D. H 


Elastic Strain Range: 

(At) 2 /K M m t = (0.0025 ) 2 /0.71(0.521) + O.OOOOI69 

y n (At) 2 = O.OOOOI69 (P n - R n ) 

R = k.y = 22,400 y 
n In 7 n 
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P = p = 29 8 P kins 

n 1,000 roof y roof klps 

Proof obtained from figure 9*17 
V A = 0.06P + 0.09R, V B = 0.12P + 0.09R 

Elasto-plastic Strain Range: 

(At) 2 /K L ^a t = (0.0025)^/0.74(0.52l) = 0.0000162 

y (At) 2 = 0.0000162 (P - R ) 
n v n n' 

R n = R lm + k ep n ' y e ^ = 258 + 6 ' 100 ^ 

= 188 + 6,100 y , (y = 0.0115 S y < 0.0620 = y ) 
n e n 

is same as elastic case 
v A = 0.04P + 0.11R, v B = 0.09P + 0.26R 

k ‘ Shear S trength and Bond Stress of Revised Slab. 

Area contributing dead load to "b" edges as shown in preceding 
sketch by dotted lines = 145 ft 2 6 

Dead load along one "b" edge =(£Z^\(-L)(j£°_\ _ /145V6.5 V 150 A 
= 5-88 kips V 2 /\12/ll,000/ V 2 )\ 12j\l,000j 

Area contributing dead load to "a" edges = 6l ft 2 

Dead load along one "a" edge =(~-- ea \ /_L\ ( 1 ^° \ _ /6l\ /6.5W 150 \ 

= 2.47 kips V 2 /V 12 /l 1 * 000 / \ 2/ \ 12 / \1,000/ 

Maximum shear along edge "a" . 2.1*7 + 57-2 - gig , ; _ 4q kips/ft 

Maximum shear along edge "V = 5.88 + 1 3 4.2 = ^ , 7 . 50 kl p s/ft 

Maximum shear intensi+.v = - 1 _ 7-50(1,000) _ 

hid ~ 77"/7\ . = 1 78 psi 


(I) (To) 


Allowable v = 0.04 f' + 5,000 p + r f 

*7 C y 

= 0.04(3,000) + 5,000(0.0125) = 182.5 psi 
182.5 > 178.0 psi OK for v 

Maximum bond intensity = _ _Y_ 7-50(1,000) 

v , , 2ojd “ Ii 7 t( 0 . 875 ) 4 .d = ^5 P si 

Allowable u = 0.15 f^ (par. 4-09b) 

0>1 5(3,000) = 450 « 455 psi 0K for u 


^termination by Numerical Integration far -v... 

-S_2fii A dynamic analysis vlll be performed using average Zone 3 
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roof overpressure-time values (see fig. 9.18). The reactions obtained 
from this analysis are used in the simultaneous dynamic, sliding and over' 
turning analysis. 

Table 9.3. Determination of Dynamic Reactions for Two-way Roof Slab 
for the Sliding and Overturning Analysis (Zone 3 Loading) 



P 

r roof 

(psi) 

P 

n 

(kips) 

R 

n 

(kips) 

P n- R n 

(kips) 

y a (At) 2 

(ft) 

y n 

(ft) 

Strain 

Range 

V A 

V B 

0 

0*0025 

0.005 

0.0075 

0.010 

0.0125 

0.015 

0.0175 

0.020 

0.0225 

0.025 

0.0275 

0.030 

0.0325 

0.035 

0.0375 

0.01+0 

0.0425 

0.045 

0.0475 

0.050 

0 

0.60 

1.20 

1.85 

2.50 

3-15 

3.65 

4.30 
5.00 
5-55 
6.15 
6.80 
7-45 
8.10 

8.65 
8.55 

8.15 

8.37 

8.30 

8.15 
8.09 

0 

17.9 

35.8 

55.2 

74.5 

93-8 

108.5 
128.0 
1I9.O 

165.5 
183.0 
202.0 
222.0 
242.0 
258.0 
255-0 
252.0 
250.0 
248.0 
243.0 
241.0 

0 

1.13 

8.62 

26.40 

55.00 

91.00 

128.00 

158.00 

176.00 

184.00 

186.00 

188.20 

195-50 

214.00 

242.0 

263.2 

271.6 

278.0 

282.0 

282.5 

269.5* 

17 . 9/6 

16.77 

27.18 

28.80 

19-50 

2.80 

- 19.50 

-30.00 

-27.0 

-18.5 

- 3.0 

+13.8 

+26.5 

+28.0 

+16.0 

-8.2 

-19.60 

-28.00 

- 34.00 

- 39.50 

0.0000504 

0.0002840 

0.0004590 

0.0004870 

0.0003300 

0.0000474 

-0.0003290 

-0.0005060 

- 0.0004560 

-0.0003120 

- 0.0000507 

+ 0.0002340 

+o.ooo 448 o 

+0.0004740 

+0.0002700 

-0.0001330 

-0.0003180 

-0.0004540 

-0.0005550 

- 0.0006400 

0 

0.0000504 

0.0003848 

O.OOH782 

0.0024586 

0.0040690 

0.0057268 

0.0070556 

0.0078784 

0.0082452 

0.0083000 

0.0084041 

0.0087422 

0.0095283 

0.0107884 

0.0123185 

0.0137156 

0.0147947 

0.0154198 

0.0154899 

0.0149201 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e-p 

e-P 

e-p 

e-p 

e-p 

e 

0 

1.17 

2.92 

5.69 

9.42 

13.84 

18.02 

21.68 

24.75 

26.45 

27.70 

28.90 

30.90 
33.8 
37-3 
39-2 
39-00 

4 o. 6 o 

41.02 

40.92 

39-20 

0 

2.40 

6.27 

12.68 

21.58 

32.05 

42.55 

51.80 
58.40 
62.05 

64.80 

67.60 

71.60 
78.30 

86.70 

91-30 

93.20 

94.8 

95-7 

95.4 

91-7 

* \ = 

= 282.5 

- ( 0.01549 - y Q ) 22,400 * 22,400 y Q - 64-5 . 


m. Design of One-tray Roof Slab. The design of the one-way roof 
slab over the corridors is similar to the two-way slab design (par. 9-09b) 
in the sense that the design is based on elastic and elasto-plastic action 
of a one-way slab so that additional capacity to absorb energy will be 
available in the purely plastic range to act as a safety factor against 
possible weakening of the slab due to the simultaneous deep beam action 
(investigated later in par. 9~l6)• 

The load is assumed to be uniformly distributed over a 1-ft strip of 
slab. The continuity of the slab over the girders and adjacent two-way 
slabs justifies the assumption of full fixity at the two edges of the slab. 
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The properties of the slab will be obtained assuming the same thick¬ 
ness and one-direction steel identical with the adjacent two-way slabs. 

It is observable by the nature of the one-way action of slab and the orien¬ 
tation in the building that the critical blast load will be the instantane¬ 
ous loading of a 1-ft strip with the local Zone 1 roof overpressure-time 
curve when the air blast is traveling in a direction normal to the end 
walls of the structure. 

Under the average Zone 3 loading, the slab behavior is assumed to be 
static because of its extremely short period. Therefore no dy nami c anal¬ 
ysis is necessary. 

n • Design Conditions. One-way slab, fixed 
at supports, elastic and elasto-plastic action, 
uniformly distributed load, equal strength at 

center and supports. Zone 1 loading condition. 

(See figure 9.16 for load curve.) 

°* Dynamic Design Factors (Table 6.1b). 

Elastic ; Kq! = 0.77, kj - 384 El/L 3 

E lm ‘ 

V = O.36 R + o.i4p 

Elasto-plastic: * O.78, k gp > 384 EI/5L 3 

E m * E ^ + V 

V = O. 39 R + 0 . 11 P 

—44 Properties (Use same steel as for two-way slabs). 

Use t = 6-1/2 in., #4 at 4 in., Zo = 4.7 in., A g = 0.60 
d = 4.5 in., p = 0.0111 

Use same positive and negative steel throughout span to provide re¬ 
verse bending strength for shear wall action. Use only tension steel in 
computation of strength and stiffness of slab. 

“Ps = “pm = p f dy (il) d2 [l - 1:70^ 

- 0.0111( 52)~(4.5) 2 


i 0.0111(52) 

1 - rwfw 


= 10.7 kip-ft/ft 



VsSSSS/SS//S////Ss,SS///S/S//l 

7- 0 M 

J 

4 

f 

J 


777777777777777777777777T7A 
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Weight of slab = = 0 .57 kips/ft 

R = 12Mp s /L - (weight of slab) = - 0.6 = 17-7 kips/ft width 


R = (M_ + M_ ) - (weight of slab) 

m L rs Pm. o „ 

= ^ (10.7 + 10.7) - 0.6 = 23-8 kips/ft width 


I = bt 3 /l2 = = 274 

g 12 


center positive p = 0.0111, n = 10, from tatle 1 [8] > k - 0.373 


I t = b i (kd) 3 + np (1 - k) 2 d 3 = 12 0 -373 3 (4.5 3 J , 


+ 10(0.0111)(1 - 0-373) 2 (4.5 3 ) = 12 (1-577 + 3 - 98 ) = 67 in.^/ft 


I a = (I g + I t )/2 - 2 HL±J l = 170 inl/ft 

Elastic: 

k_ = 384 El /L 3 = 384(3)l0 3 (l70)/(7 ) 3 144 = 3 ,960 kips/ft 
x a 

y e = R irr/ k l = 1T * 7 / 3 ' 960 = °- 00 ^ 6 ft 

Mass of slab = m = (weight of slab)/g = 0.57/32.2 = 0.0177 kip-sec 2 /ft 
Elastic T n = 2rt^K IM m/k 1 = 6 .28^ °’ = 0.011 sec 

Elasto-plastic: 

k ep = k l/ 5 = 3,960/5 = 792 kips/ft 

y = y + (R - R. )/k = 0.00446 + (24.4-17-7)/792 = 0.01291 ft 

J ep J e m 1m ' ep 

q. Verification of Design and Reaction Determination by Numerical 
Integration. Use acceleration impulse extrapolation method (par. 5-08d). 


+ 1 ’ \ + 1 + y n< At )‘ 


(eq 5-49) 


- < p n - B »»Vt 

At = 0.00125 sec (approximately l/lO of elastic T q ) 
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TabU 9.4. Determination of Maximum Deflection and Dynamic Reactions 
for One-way Roof Slab over Corridor (Zone 1 Loading) 


t 

(sec) 

P 

s 

(psi) 

P 

n 

(kips) 

R 

n 

(kips) 

P - R 
n n 

(kips) 

y n (At) 2 

(ft) 

y n 

(ft) 

Strain 

Range 

V 

(kips) 

V * 
ave 

(kips) 

0 

0.00125 

0.0025 

0.00375 

0.0050 

O.OO625 

0.0075 

O.OO875 

0.0100 

0.01125 

0.0125 

O.OI375 

0.0150 

0.01625 

O.OI75 

O.OI875 

0.0200 

0.02125 

0.0225 

0.02375 

0.0250 

0.02625 

0.0275 

0.02875 

0.0300 

0.03125 

0.0325 

0.03375 

0.0350 

0.03625 

0.0375 

0.0400 

_ 

10.0 

9.97 

9-95 

9.92 

9.89 

9.85 

9.80 

9.78 

9-75 

9.71 

9.68 

9.65 

9.62 

9.58 

9-54 

9.50 

9.47 

9.43 

9 . 4 ) 

9-37 

9.34 

9.30 

9-26 

9.23 

9-20 

9.16 

9-12 

9.09 

9.05 

9-01 

8.90 

8.80 

10.10 

10.08 

10.05 

10.02 

10.00 

9.95 

9.90 

9-87 

9.85 

9.80 

9.78 

9.75 

9-72 

9.68 

9-64 

9-60 

9-57 
9-53 
9-50 
9.47 
9-44 
9 - 4 o 
9.36 
9-33 
9.30 

9.26 

9-22 

9.19 

9-15 

9-11 

9-00 

8.90 

0 

2.70 

9.02 

15.89 
18.12 

18.19 
14 . 29 +i 

8.34 
3.16 
1.25 
3-55 

8.89 

14.69 

17.99 
17-59 
12.59 

6.44 

1.81 

O.97 

4.34 

10.19 

15.69 
18.09 
16.29 

10.99 

4.89 
0.94 
1.81 

6.34 

12.19 
2.26 

- 2.11 

10.10 

7.38 

1.03 

- 5.87 

-8.12 

- 8.24 

- 4.39 

+ 1-53 

+6.69 

+ 8.55 

+ 6.23 

+0.86 

-4.97 

-8.31 

- 7-95 

-2.99 

+ 3.13 

+ 7-72 

+8.53 

+ 5.13 

- 0.75 

-6.26 

-8.73 

-6.96 

-1.66 

+4.37 

+8.28 

+ 7.38 

+2.81 

- 3.00 

+6.74 

+6.79 

0.00136 

0.00092 

0.00013 

-0.00073 

-0.00092 

-0.00093 

-0.00055 

+0.00019 

+0.00083 

+0.00106 

+0.00077 

+0.00011 

-0.000615 

-0.00103 

-0.00099 

-0.00037 

+0.00038 

+0.00096 

+0.00106 

+0.00063 

-0.00009 

-0.00078 

-0.00108 

-0.00086 

-0.00021 

+0.00054 

+0.00102 

+0.00092 

+0.00034 

-0.00038 

+0.00083 

+o.ooo 84 

_ 

0 

0.00068 

0.00288 

0.00401 

0.00501 

0.00509** 

0.00414 

0.00264 

0.00133 

0.00085 

0.00143 

0.00278 

0.00424 

0.00508 

0.00489 

0.00371 

0.00216 

0.00099 

0.00078 

0.00163 

0.00311 

0.00450 

0.00511 

0.00464 

0.00331 

0.00177 

0.00077 

0.00099 

0.00213 

0.00301 

0.00110 

0 

e 

e 

e 

e 

e-p 

e-p 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

1 . 4 l 

1.98 

4.65 
7-12 
8.17 
8.20t 
6.54 
4.38 
2.51 
1.82 

3.65 

4.56 
6.64 
7.82 
7.69 

5.88 
3-66 

1.98 
1.68 

2.88 

4.98 
6.96 
7.82 
7-17 
5.25 
3-05 
1.63 
1-93 

2.56 
6.16 
2.07 
0.48 

0 

0.28 

0.84 

1.81 

3-11 

4.45 

5-68 

6.32 

6.33 
5.70 
4.84 
4.22 
3-91 
4.22 
4.94 
5-70 
6.04 
5.49 
5-04 
4.22 
2.75 
3-60 
4 .o 4 

4.99 

5 . 5 ^ 

5.88 

5.60 

4.90 

4.04 

3.56 

3-28 

2 . 8 o 

- J ----L 

* ^ave = ve iskted numerical average of V , V ,V V V 

aQd V n - 6 = aYera S e "blast load reaction per foot on one panel of 1 
girder from corridor slat. This is used in girder design in paragr 

i^Sng i0n = °-°° 51 < = °-° 129 therefo - ^siS S 

+ Maximum dynamic reaction = 8.20 kips 
tt R n = 18.19 - ( 0.00509 - y n ) 3,960 - 3 , 960 y - 2 . 11 . 

-----—___ 11 

n - 4 ' V 
.ongitudi 

aph 9 - 1 C 
satisfa 

n - y 
.nal 

>h. 

.ctory 
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Elastic Strain Rsuige 
/»\ 2 /., 


(At) = 0.00125 /0.71(0.0177) * 0.000124 

y n (At) 2 = 0.000124 (P n - R n ) 

R n = k l y n = 3,960 y n' ^ y n “ °* 00 ^ 6 = * e ) 


P = 
n 


p - 

1,000 s 


1.0(7.0)144 

1,000 


P = 1.01 P 
s s 


P is obtained from figure 9«l6. 
s 

V = O.36R + 0.14P 

Elasto-plastic Strain Range: 

(At) 2 /!^^. = 0.00125 2 /0.78(0.0177) » 0.0001132 

y n (At) 2 - 0.0001132 (P a - H.) 

E a * R 1 m + k ep K - y e> * 17 - 7 ° + 790 (y n ' V 

= 14.16 + 792 y n , (y 0 = 0.00446 < y n < 0.0121 = y ep ) 

P is identical with, elastic case 
n 

V = 0.39R + 0.11P 

r. Shear Strength and Bond Stress. 


Maximum shear = V = maximum dynamic reaction + dead load reaction 
= 8.20 + 44 i = 8.47 kips/ft 


/ 150 \ 2 _ 
\ 1 , 000 ) 2 


Shear intensity = v = V/bjd = 


8,470 

12.0(6.875)4.5 


179 psi 


Allowable v = 0.04 f£ + 5,000P + r A, (eq. 4.24a) 
= 0.04(3,000) + 5,000(0.0111) = 17D.0 psi 

179 « 176 psi. Say OK 


8 470 

Maximum u = V/£ojd = :7f tmw-5 - 458 ES1 

Allowable u = 0.15(3>000) = 450 psi » 458 psi. Say OK 


= 458 psi 


9-10 DESIGN OF ROOF GIRDERS, a. Design 
Condition for Transverse Roof Girders. 
Simple span T-beam, elastic and plastic 
action, uniformly distributed mass and 
roof slab reaction under Zone 1 loading 


~T-Beom Stem 


l7-0 H Clear Span 


Corridor 
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condition, clear span = 17 ft 0 in., » a£ « 6. (eq 6.91) 

b. Design Loading. (See table 9.2.) 
c- Dynamic Design Factors (Table 6.1A). 

Elastic Strain Range: 


= 0.78, R m = 8Mp/L, = 384EI/5L 3 
V = 0.39R + 0.11P 
Plastic Strain Range: 


K_ = 0.66, V = 0.38R + 0.12P 

JJ.Y1 m i 8 “ 

d. Girder Properties. 1 

1 

1 

j 

-Jjklv-■’ '*C.g'r7 1 


11.5" 

n 




P 

d* 14" 1 

b = b' + 8t (par. 4-10b) 


liC 



= 16 + 8(6.5) = 68 in. = 5.67 ft ' 

Assume D.L.F. = 1.0 (a reasonable assumption for plastic design with 
a slow rise time). 


Maximum dynamic slab reaction acting on girder 

= Ijj ggggg” (maximum from table 9-2) = -jjjZg- (254) = 232 kips 

Required maximum moment resistance = ^ = ^|3 2 ) = ^3 

“P = A s f dy ( d ‘ |) > a = oTBFf^b ’ a < t (eq. 4.20) 

dc 

Assume a = 6.5 in., d = 14 in. 


Required A = 
s 


ay 


Mp 

FI 


= 10.6 in. 2 




Try 8 #11 bars, A = 12.48 in. , Zo = 40.0 in. 


A f. 


Oheck: a - -£-*SL = - 2.88 in. < 6.5 in. « t 


^ “ A s f dy 


a\ - 12 A 8 (5 2 ) ( l4 - 


H) 


12 


= 679 kip-ft 


Weight of roof slab and beam = -^°( 1 T) D-0.83(0.54) + 1.33(1.5)1 

17000 

=20.0 kips 

R m = (^V 1 ) " (velgat of roof slab and beam) = iL§J9) _ 2 o.O 
= 300 kips 17 
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Gross I g : 

Area = 52(6.5) + 16(18) = 338 + 288 

= 626 in. 2 

- _ 338(3.25) + 288(9) 3,700 

7 - T2 Z WcT 

- 5.90 in. 

1 = 338 (^if“ + 2 ’ 6 ^) + 288 (it + 3;l2 ) = 3 ' 56 ° + 10,530 

ll 

= 14,090 in. 

Transformed 1^: 

n = 3.0, p = = 0.0131, np = 0.131, t/d = 6.5/14 = 0.465 

From Table 1 [8], k = 0.397 < 0.465 

I t - *%£ * n A s (1 - *) 2 d 2 

= fi8(l4 3 )0.Jg j£ + 10 ^22.k8){i - 0.397) 2 (l4) 2 

= 3,880 + 8,870 = 12,750 in. 4 

f = i (I + I.) = | (14,090 + 12,750) = 13,420 in. 4 
a c. g x» c. 

Elastic k = 384EI/5L 3 = 384(3)10 (13,420) = kips/ft 

1 5(17 3 )l44 

y e = R m / k = 300/4,360 = 0.0688 ft 

y = op y = 6y = 6(o.0688) = 0.4-13 ft 
in 06 

2 

Mass of roof slab and beam = m = 20.0/32.2 = 0.621 kip-sec /ft 
T n = - 6.28V °- 7 g<°^ - - 0.066 sec 

e. Verification of Design and Reaction Determination by Numerical 
Integration. Use acceleration impulse extrapolation method (par. 5-08d). 

7 n + 1 - - y n - 1 + V At)2 

V* < F n - V/>V 


(eq. 5-49) 
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Use At = 0.0025 sec (same as for roof slat) 
Elastic Strain Range: 

(At^/K^ = 0.0025 2 /0.78(0.621) = 0.0000129 

y n (At) 2 = 0.0000129 (P - R ) ft 

R n = ^l 7 = 4 ' 36 ° y n kips ' ( y n 5 °-° 688 = y e ) 


P = V' + 


1(17)144 


n 


B 1,000 s 


P = V' + 2.44 P 


B 


P is air blast incident overpressure vs time loading (fig. 9.16' 
applied -with, t^ = 0.0075 sec 

Vg is obtained from table 9*2 

V = 0.39R + 0.11P 


Plastic Strain Range: 

(At^/K^ = 0.002 5 2 /o. 66 (0.621) = 0.0000152 


y (At) 2 = 0.0000152 (P - R ) ft 
n n n 


R = 300 kips 
m 

P n is same as for elastic case above 

V - O.38R + 0.12P 
m 

y m = 6y e = 0,413 ft 


Table 9*5. Determination of Maximum Deflection and Dynamic Reactions for 
Transverse Roof Girders (Zone 1 Goading) 


t 

(sec) 

p s 

(psi) 

2 . 44 p 

S 

(kips) 

V B 

(kips) 

P 

n 

(kips) 

R 

n 

(kips) 

P - R 
n n 

(kips) 

y n (At ) 2 

(rt) 

y 

(ft) 

V 

(kips) 

0 

0.0025 

0.005 

0.0075 

0.010 

0.0125 

0.015 

0.0175 

0.020 

0.0225 

0.025 

0.0275 

0 

0 

0 

10 

9.9 

9-8 

9.8 

9-7 

9-6 

9-5 

9-5 

9-4 

0 

0 

0 

24.4 

24.2 

23.9 
23-9 
23.6 

23.4 

23.2 
23.2 

22.9 

0 

12.3 

32.3 
52.1 
92.5 

131.7 

162.2 

200.1 

226.4 

242.4 
254.1 
250.9 

0 

12.3 

32.3 
76.5 

116.7 

155.6 
186.1 

223.6 

249.8 

265.6 
277.3 

273.8 

0 

0.1 

1.0 

3.5 

10.2 

22.8 

43.0 

71.0 

108.0 

152.5 

204.0 

259.0 

12.2 

12.2 

31.3 
73.0 

106.5 

132.8 

143.1 

152.6 

1 4 1 .8 

113.1 
73-3 
14.8 

0.00003 

0.00016 

0.00040 

0.00094 

0.00137 

0.00171 

0.00185 

0.00197 

0.00183 

o.ooi 46 

0.00095 

0.00019 

0 

0.000003 

0.00022 

0.00081 

0.00234 

0.00524 

0.00985 

0.01631 

0.02474 

0.03500 

0.04672 

0.05939 

0 

1.39 

3-94 

9.76 

16.78 

26.00 

37-20 

52.20 

69.4 

88.5 
110.0 
131.0 
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Table 9.5 (Continued) 


t 

(sec) 

Pg 

(psi) 

2 . 44 P 

s 

(kips) 

V B 

(kips) 

P 

n 

(kips) 

R 

n 

(kips) 

P - R 
n n 

(kips) 

y n (At ) 2 

(ft) 

y 

(ft) 

V 

(kips) 

0.030 

0.0325 

0.035 

0.0375 

0.040 

0.0425 

0.045 

0.0475 

0.050 

0.0525 

9-3 

9.2 

9.2 

9-1 

9.0 

9.0 

8.8 

8.8 

8.7 

8.6 

22.7 

22.4 

22.4 
22.2 
22.0 
22.0 

21.5 
21.5 
21.2 
21.0 

245.6 
220 :o 
191-7 

172.9 
151.0 
149-1 

161.6 

184.9 
207.8 
222.4 

268.3 

242.4 

214.1 
195-1 
173-0 

171.1 

183.1 

206.4 
229.0 
243-4 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 

-31.7 
. -57.3 
-85.9 
-104.9 
-127.0 
-128.9 
-116.9 
-93.6 
-71.0 
-56.6 

- 0.00048 

- 0.00087 

- 0.00131 

-0.00l60 

- 0.00193 

-0.00196 

-0.00178 

- 0.00142 

-0.00108 

-0.00086 

0.07225 

0.08470 

0.09628 

0.10655 

0.11522 

0.12196 

0.12674 

0.12974 

0.13132 

0.13182** 

0.13146 

146 . 2 * 

143-1 

139-7 

137.4 

134.8 
134.6 
136.0 

138.8 

141.5 
143-2 

* Maximum shear developed in girder by blast loading. 

** Maximum deflection * 0.132 ft < y * 0.413 ft, therefore design is satisfactory 
in bending. 


f. Shear Strength and Bond Stress. 

Maximum shear = V = 146.2 + = 156.2 kips 

Shear intensity = v = V/bjd = ^ = 797 psi 

16 ( 5 )^ 

Allowable v = 0.04 f^ + 5,000p + rf^ (eq 4.24a) 

= 0.04(3,000) + 5,000p + rf 

•7 

p of beam web = = O.O556 

v « 120 + 5,000(0.0556) + rf - 398 + rf 
y y «y 

rf = r(40,000) = 797 - 398 = 399 psi 

y 

r = 399/40,000 = 0-0102 = ratio of web reinforcement 

2 

A g of stirrups = 0.010(16)12 = 1-92 in. per ft of beam 

Use #5 U stirrups at 3-1/2 in. at ends of span 

Bond intensity = u = V/Eojd = = 319 P si 

40 (|) 14 
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Allowable u = 0.15 (par. 4-09b) 

= 0.15(3,000) =* 450 psi, OK 

g. Design Condition for Longitudinal Roof Girders. Continuous span 
T-beam, elastic and elasto-plastic action, uniformly distributed mass and 
roof slab reactions under Zone 1 loading condition, clear span = 11 ft 0 
in.; try girder with total depth of 18 in. and width of 12 in. 

h. Design Loading. This consists of the sum (V^) of the following 

loads: 


V A = reaction from "a" edge of the two-way slab (see table 9 . 2 ) 

= reaction from 11.00 ft of corridor slab = 11.00 V (see 
table 9 . 4 ) ave v 


\ = blast load directly applied to girder 


v 5 = v A + v 2 + v h 


^(l)l44 
1,000 v 3 


TaUe 9.6. Longitudinal Roof Girder Loads (Zone 1 Loading) 


t 

(sec) 


0 

to. 0025 
0.005 
0.0075 
0.010 
0.0125 
0.015 
0.0175 
0.020 
0.0225 
0.025 
O.O275 
0.030 
10.0325 
10.035 

[0.0375 

0.04o 


A 

(kips) 


0 

6.02 

14.90 

24.00 

35.10 

42.60 

47.10 
51.3 

54.5 

56.5 
57.2 
52.1 

47.9 

37.0 

30.0 

26.8 

28.9 


V * 
aye 

(kips/ft) 


0 

0.84 

3.11 

5.68 

6.33 

4.84 

3-91 

4.94 

6.04 

5.04 

2.75 

4.o4 

5-54 

5-60 

4.o4 

3-28 

2.80 


2 

(kips) 


0 

9-3 

34.4 

62.8 

70.2 

53-6 

43.2 

54.7 

66.8 
55-8 
30.6 

44.7 

61.3 
62.0 

44.8 

36.3 

31.0 


y ** 
3 

(psi) 


0 

3.08 

6.l6 

9 .24 
9-84 
9-75 
9-68 
9-61 
9-55 
9-48 
9.4i 
9-35 
9-28 
9-20 
9.15 
9.10 
9.02 


V 4 

(kips) 


0 

4.44 

8.87 

13-30 

14.18 
14.05 
13-95 
13.82 
13-75 
13.65 
13.55 
13.45 
13.35 
13.25 

13.18 

13.10 

13.00 


V 5 

(kips) 


0 

19.8 

58.2 

1D0.1 

119.5 

110.2 

104.2 
119.8 
135 .ot 
126.0 
101.4 

110.2 

122.6 
112.6 

88.0 

76.2 

72.9 


* sis? r e rSwe ioM reaoti ° n ** <* ^ 

9 .? 6 '. eTerage Z °“ 1 applied directly to girder (fig. 

1_Maximum dynamic load = 135.0 kips. 
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i. Dynamic Design Factors (Tattle 6.IB). 

Elastic Strain Range: 

= 0.77, V = O.36R + 0.14P 

R lm = k l = EI i f 3 / L3 (P ar “ 6 ~ 20a ) 

Elasto-plastic Strain Range: 

= 0.78, V = O.39R + O.UP 
E m - t (M Ps + V' k ep - 38tel 2 /5L 3 

j. Girder Properties. Try same positive and negative steel at 
center of span and support, respectively, equal to 1.5 percent of web area, 
with A g = 0.015(12)14 = 2.52 in. 2 (d = l4 in.). Use 6 #6 bars, A = 2.64' 
in. 2 , Zo = 14.1 in., p = 0.0157* 

,2 


“ps " pf dy M 


= 0.0l57(52)g(l4) 2 




(eq. 4.17) 


0157(52) 


= 140 kip-ft 


•70(3*9) 

At center of span, use equation (4.20) for T-beam section, 
b = b’ + 8t = 12 + 8(6.5) = 64 in. 


a = 


= ....?- 6k (5 2 ).. r . = 0 65 in < 6 5 in 

0.85f' b 0.85(3.9)64 u 5 1 0 xn 

dc ' 0.65j 


2.64(g) (* 
x 2 ) 12 


“Pm = A s f dy l d “ i ) -- & -^ = 156 kip-ft 

Maximum dynamic load = 135*0 kips 

Assume D.L.F. =1.5 (elasto-plastic behavior) 

Estimated R^ required = D.L.F. (maximum dynamic load) = 1.5(135*0) 
= 203 kips 

Weight of slab carried by girder: 


11 


Portion of two-way slab 


MM 


150 


1,000 


= 2.5 kips 


11 


Portion of one-way slab = 


ifiM 


150 


1,000 

Stem of girder = =2-5 kips 


= 3.1 kips 
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Total weight = 8.1 kips 

Net R m furnished (with A g = 2.64 in. 2 ) = ^ (M^ + M^) - dead load 
= ~ (l4o + 156) - 8.1 

= 206.9 kips 

Compute moment of inertia at support 1^: 

I g = T2 = h ^ 12 ) 183 - 5,840 in. 4 

For I , p = 0.0157, n = 10; from table 1 in Reinforced Concrete 
Design Handbook, k = 0.425- 

I t =^* A s n(l - 4) 2 d 2 

= — 0- 8 4p ,lta 5 3 + 2.64(10) (1 - 0.425) 2 (14) 2 
= 1,792 + 1,710 = 3,502 in. 4 

\ = \ (Ig + I t ) = (5,840 + 3,502) = 4,761 in. 4 

Compute moment of inertia at center, I^: 

Area = 52(6.5) + 12(l8) = 338 + 216 = 554 in. 2 

~ _ 338(3-25 ) + 216(9) _ 1,100 + 1,946 
y 555 55^ 

= 5-50 in. 

J s ■ 338 (it + 2 ' 2 5 2 ) + 216 + 3.5 s ) 

= 2,900 + 8,490 = 11,390 in. 4 
n = 10, p = = 0.00294, k = V2np + np 2 - np = 0.174 



2.64(10)(1 - 0.174) 2 (l4) 2 = 308 + 3,520 = 3,828 in. 4 
x 2 = | + I t ) = | (11,390 + 3,828) = 7,609 in. 4 

V x 2 = 4 >76i/7,609 = 0.625 

From figure 6.27, f, = 13.28 
From figure 6.29, f^ = 485 


6 1/2" 

L.__ _ 

[L. 

1 1 

18" 


. 1 

p• v , 






1/2" _ 

-• 1 

V fc J“ 


— 1 

d = 14" 1 


« \j 
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k .Sfa 

1 L 3 


= 36,000 


L 3 11 3 (1W) 

- “p s V L - 8 - 1 - 140 ( to !) - 8 - 1 - 161 “ ps 


y - “ R l m / k l = 161/36,000 = 0.00447 ft 


Mass of roof slab and beam = 8.1/32.2 = 0.252 kip-sec /ft 

T n * ’ 6 ' 28 V ^Sloof 2 ' 1 * °- 0148 

k . 3 8teI p /5L 2 = 3»(3)10 3 (7,609i = 9A50 

ep 2 5(h.o) 3 i44 

y = y + -2-—= 0.00447 + ' " . fi - — » 0.00948 ft 

•'ep e k 9,150 

ep 


k. Verification of Design and Reaction Determination, by Numerical 
Integration. Use acceleration impulse extrapolation method (par. 5-08d). 


y » + 1 * ' y n - 1 + y n (it) ‘ 


y n ’ < P n - V/'W 1 


(eq. 5.49) 


Use At = 0.0025 (approximately l/lO of t , reaction values 
available for this time interval) 


Elastic Strain Range: 


= 0.0000322 


(At) 0-0025 _ pvpvpvppoo 

HtfT - - 0A 0000322 

y n (At) 2 - 0.0000322 (P n - \) 

R n - k 1 y n = 36,000y n , (y n ^ 0.00447 = y g ) 

P = obtained from Design Loading (par. 9-10b) 
n 

V = O.36R + 0.14P 
Elasto-plastic Strain Range: 

(At) 2 _ 0.0025 2 




0 . 78 ( 0 . 


= 0.0000318 
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R n ' + k ep \ ^ = 161 + 9+50 (y n - y e ) 

= 120 + 9,150 y , (y = 0.00447 ^ y < 0.00948 = y ) 
n e n ep 

P = same as a“boye 
n 

V a 0.39R + 0.11P • 


Table 9.7. 


Determination of Maximum Deflection and Dynamic Reactions 
Longitudinal Roof Girder (Zone 1 Loading) 


for 


t 

( sec) 

P G 

(kips) 

R 

n 

(kips) 

P - R 
n n 

(kips) 

4 (At > 2 

(ft) 

y n 

(ft) 

Strain 

Range 

V 

(kips) 

0 

0 

0 

19.8/6 

0.00011 

0 

e 

0 

0.0025 

19.8 

4.0 

15.8 

0.00051 

0.00011 

e 

4.2 

0.005 

58.2 

26.3 

31.9 

0.00103 

0.00073 

e 

17.7 

0.0075 

100.1 

85.7 

14.4 

0.00046 

0.00238 

e 

44.9 

0.010 

119.5 

l6l.l 

-41.6 

-0.00133 

0.00449 

e 

74.7 

0.0125 

110.2 

168.3 

-58.1 

-0.00185 

0.00527 

e~p 

77-8 

0.015 

104.2 

129.5* 

-25-3 

-0.00082 

0.00420 

e 

61.2 

0.0175 

119.8 

6l.4* 

+58.4 

+0.00188 

0.00231 

e 

38.9 

0.020 

135.0 

61.2* 

+73-8 

+0.00238 

0.00230 

e 

40.9 

0.0225 

126.0 

146.5* 

-20.5 

-0.00066 

0.00467 

e 

70.4 

0.025 

101.4 

178.4 

-77.0 

-0.00245 

O.OO638** 

e-p 

80.8+ 

0.0275 

110.2 

151.5+t 

-41.3 

-0.00133 

0.00564 

e 

74.5 

0.030 

122.6 

77-4tt 

45.2 

+o.ooi46 

0.00357 

e 

47.4 

0.0325 

112.6 

55-4tt 

57.2 

+0.00184 

0.00296 

e 

37-4 

0.035 

88.0 

99•6+t 

-11.6 

-0.00037 

0.00419 

e 

51.1 

0.0375 

76.2 

130.7+t 

-54.5 ' 

-0.00176 

0.00505 

0.00415 

e 

61.7 


* R n = 168.3 - (0.00527 

** Maximum deflection = 0.0064 ft. 


y n )36,000 = 36,000y n 


ep 


21.7 . 

= 0.00884 > 0.0064 > 0.0047 


= y g . Therefore design is satisfactory in bending. 

+ Maximum dynamic reaction = 80.8 kips- 
ft R n = 178.4 - (O.OO638 


y n ) 36,000 = 36,000y n - 51.3 . 


1* Shear Strength and Bond Stress. 

Maximum shear = V = 80.8 + = 84.8 kips 

Shear intensity « v = V/bjd = = 576 psi 

Allowable v y = 0.04f( + 5,000p + rf (eq 4.24) 
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O f\]± 

p beam web = ~ 0 , 01 5T 

v = 120 + 5,000(0.0157) + rf y = 198 + rf 

rf = r(40,000) = 576 - 198 = 378 psi 

r = 378/40,000 = 0.0095 = ratio of web reinforcement 

A of stirrups = 0.0095(12)12 * I .37 in . 2 per ft of beam 
s 

Use #5 at 5 in. at each, end of beam. 

Bond intensity = u = V/Zojd = = 490 psi 

Allowable u = 0.15f( (par. 4-09b) 

= 0 . 15 ( 3 , 000 ) = 450 psi < 490 psi 
Make another selection of steel on basis of greater Zo 
Use 9 #5 bars at support, A = 2.79, So =17-6 

Bond intensity u = v/Zojd = = 393 psi < 450 psi OK 

m. Haunch on Longitudinal Girders. The design presented for longi¬ 
tudinal girders results in a relatively large shear stress at the inter¬ 
section of longitudinal and transverse girders. The width of the trans¬ 
verse girder (16 in.) framing into the longitudinal girder will greatly 
increase this shear stress at the top of the column unless the column di¬ 
mension in this direction is a minimum of l 6 in. In order not to place 
this lower limit on column size, a haunch will be used at each end of the 
longitudinal girders to receive the l 6 -in.-wide transverse girders fram¬ 
ing into them. Haunches 12 in. along column and 
12 in. along longitudinal girders will be used. 

The actual depth of the section will be consid¬ 
ered as resisting shear in accordance with ACI Code 702(d) in reference [9]- 
9-11 COLUMN AM) COLUMN FOOTING DESIGN, a. Column Design Conditions. 
Axially loaded tied columns will be designed in accordance with the prin¬ 
ciples stated in paragraph 4-11. 

b. Design Loading. Using girder reactions from tables 9.5 and 9-7, 
a maximum column load is determined by summing the loads shown 

in table 9 . 8 . The total load on the column is the sum of the dynamic re¬ 
actions of the girders that it supports under Zone 1 roof loading with the 
blast wave traveling parallel to the longitudinal axis of the structure. 
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The loads from the various girders must he summed, taking care to provide 
the proper time phasing. 


Table 9.8. Column Loads (Zone 1 Loading) 


= longitudinal girder reaction at time, t Q (table 9.7) 
Gg = transverse girder reaction at time, t (table 9.7) 

G_ = longitudinal girder reaction at time, t - t 


&4 * G i + g 2 + g 3 


n n - 0.0075 


(table 9.7) 


t 

(sec) 

G 1 

(kips) 

G 2 

(kips) 

°3 

(kips) 

G 4 

(kips) 

0 

0 

0 


0 

0.0025 

4.2 

1-39 


5.6 

0.005 

17.7 

3-94 


21.6 

0.0075 

44-9 

9.76 

0 

54.7 

0.010 

74.7 

16.78 

4.2 

95-7 

0.0125 

77.8 

26.00 

17.7 

121.5 

0.015 

61.2 

37-20 

44.9 

143.3 

0.0175 

38.9 

52.20 

74.7 

165.8 

0.020 

40.9 

69.40 

77-8 

188.1 

0.0225 

70.4 

88.50 

61.2 

220.1 

0.025 

80.8 

110.0 

38.9 

229.7 

0.0275 

74.5 

131.0 

40.9 

246.4 

0.030 

47.4 

146.2 

70.4 

264.0 

0.0325 

37-4 

143.1 

80.8 

261.3 

0.035 

51.1 

139.7 

74.5 

265.3* 

0.0375 

61.7 

137.4 

47.4 

246.5 

* Maximum dynamic column reaction = 265.3 kips. 


Static column reaction = 2 * 18.1 kips 

(weight of column is neglected) 

Total maximum column reaction = 265.3 + 18.1 = 283.4 kips 
Try column 12 in. by 12 in. 


P p = 0.8 [0.9(0.85) fJ c A c + ] (eg 4.27) 

load taken by concrete * 0.8(0.9)0.85(3.9)144 * 341 kips 
34 l kips > 283.4 kips. Use minimum steel (p ~ 0 . 01 ) 

A 0 = 0 . 01(144 in. ) = 1.44 in. 2 Use four #6 bars. A g = 1.76 in. 2 
Column capacity - 34 l + 0.8(1.76)52 - 4 l 4.2 kips >283.4 kips. OK 


50 




9-llc 


EM 1110-3^5-^19 
15 Jan 58 


Use column ties in accordance with ACI standard procedure. 


Try 3 ~f"fc“6-in. by 3-ft-6-in. by l-ffc-6-in. column footing 

Maximum column load on footing = 283.4 kips 

Column weight = 0.15(1)1(10) *1.5 kips 

6 -in. floor slab over footing = 0 . 15 ( 3 . 5 ) 3 * 5 ( 0 . 5 ) = 0.9 

6 -in. fill over footing « 0.12(3.5)3.5(0.5) = 0.J 

18 -in. footing = 0 . 15 ( 3 . 5 ) 3 - 5 ( 1 . 5 ) « 2.8 

Total force on foundation = 289.3 kips 

Maximum static and dynamic bearing pressure * 289.3/3*5(3.5) 

= 23.6 kips/ft 2 < 30 kips/ft 2 

The maximum bearing pressure is less than the ultimate load-bearing 
capacity of the foundation material, therefore the 3-ft-6-in. by 3-ft- 
6 -in. by l-ft-6-in. footing is satisfactory, 
d. Column Footing Design. 


Footing moment at face of column = ——— = I 8.5 kip-ft/ft 

Footing shear at face of column = 23*6(1.25) = 29-5 kips/ft 


Determine minimum depth of footing with 1.5 percent steel. From 
paragraph 9 ~ 09 e using equation (4.17) 

Mp = 0.688d 2 kip-ft/ft 
18.5 * 0.688d 2 , d = 5.2 in. 

Try l4-in. deep footing, d = 10 in., try minimum p = 0.006 

. 2 /, p f A \ 

“p " Pf dy bd I 1 " 1.70 f^ c J 

= 0 . 006 ( 52 )g(l 0 2 ) [l - 29.8 kip-ft/ft > 18.5 

Allowable bond stress = 0.15f^ (par. 4-09b) 

* 450 psi 

Required £0 = - 1^0(12^7^10 = °' 62 W** 

Required A = pbd * 0.006(12)10 * 0.72 in. 2 /ft 
8 

Use #6 bars at 6 in. each way. 

Furnished A = 0.88 in. 2 . So = 4.7 in./ft 
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e - Shear Strength. Total shear at distance "a" from faces of 
column: 

23.6 • 5) - (l + 1.67)^] = 121 kips =5 V 

Shear intensity = v = r-j— = -- ■ - 108 na-i 

bjd 2.67(4)(7/8)l0(l2) “ 100 psi 

Allowable shear intensity (eq 4.24), v = 0.04f' + 5,000p + rf 

y c 

= 150 psi > 108 psi 

Therefore footing 3-ft-6-in. by 3-ft-6-in. by l-ft-2-in. is OK. 


^~ 12 SLAB DESIGN. a. Design Conditions. Simple span action will 

be used in design of walls for blast loads normal to the walls. The lack 
of moment restraint exists because of the relatively thin roof slab at top 
of span and flexibility of earth reaction at bottom of span. The front 
and rear walls will also act as deep beams because of overturning action. 


rfh~ 


6 1/2" Roof Slob 


Of 


lO'-ll 1/2" 






10-11 1 / 2 " 
Clear Span 


Floor Slab 


That portion of the design cannot be pre¬ 
sented until after the dynamic overturning 
and sliding analysis is performed. 

b - Design for Blast Loads Normal to 
Front Wall. Simple span, elastic and 
plastic action, unlfomly distributed mass 
_ loading, clear spaa = 10 ft 11-1/2 in. 

X m/ X e ~ ~ & (par. 6-26), minimum thick¬ 

ness for proper steel placement = 10 in. 

G " Design Loading. Use figure 9*19> average front wall 
overpressure-time curve. 


£ 


£ 


d * Dynamic Design Factors (Table 6.1A). 

Elastic Strain Range: 

- 0.78, R m « &4p/L, k = 384EI/5L 3 

V * 0.39R + O'.IIP 
Plastic Strain Range: 

= 0.66, V = 0 -38R m + 0.12P 

e * Slab Properties (per foot of width). 

Try 10-in. wall (minimum thickness) with p about 0.015. 
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Time, t (sec) 

Figure 9.19. Average front wall overpressure-time curve 
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d = 8.5 in. at center of span 

Try #6 at 3-1/2 in., A g « 1.51 in. 2 /ft, Lo = 8.1 in. /ft, p = 0.0148 
Mp = pf^M 2 (l - j 

- o. 0 l 48 ( 52 )g( 8 . 5 2 ) [l - = 49.1 klp-ft 

Oir 


. . 8(49.1) , ,5 


m “ L 10.9 


35-9 kips 


m ' (1 °1^000^32^2) 96) = °- 0k25 kip-sec 2 /ft 

t _ ‘bt 3 _ 12(l0 3 ) „ _ . k 

1P 12 ^-*000 in. 

For n = 10, p = 0.0148, k = O.382, from table 1 of Reinforced 
Concrete Handbook. 

I t = j h(dk) 3 + nA g |(l - k)dj 2 = —5) 8 (0-382) 3 + 
I0(i.5l)(l - 0.382) 2 (8.5) 2 = 137 + 4l6 = 553 in . 4 
= 2 + ^t^ = 2 (I'OOO + 553) = 776 in.^ 


384EI 


“•-3” - -~ 4 ' ' = 946 kips/ft 

5L J 5(10.96) 3 144 

T n = 2 V I W Q/k = 6-28 = 0.037 sec 

f ‘ cation of Des iga and R e action Determination hy Numer ical 

I ntegration ^ Use acceleration impulse extrapolation method (par. 5-08d). 

^n + 1 ~ y n - 1 + (eq. 5*49) 

* ( p n - R n)/ i W a 

At d; S i°^) 25 (approximately l/lO T q , same value used throughout 
Elastic Strain Range: 

(At) 2 _ 0.0025 2 

~ O. Y«(o7o425) = 0 • 0001886 

y n (At) 2 = 0.0001886 (P n . r ) ft 
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10 . 96 (l 44 )P. 


P n " 1,000 front 

P frorrt is ol3 ‘ bained from figure 9.19. 

V = 0.39R + 0.11P 

R n = = 946y n kips> ( y n “ y e * 35 - 9/946 « 0.0379 ft) 

Plastic Strain Range: 


front 


- J-JT&frort “P» 


0.0025 


■ 0.000223 


y n (At) = 0.000223 (P n - R ) ft 

is same as above for elastic case, 
n 

R m = 35-9 kips 

V = O.38R + 0.12P 
m 

x m = 6x e = 6(0.0379) = 0.228 ft 


When x 


n + 1 


< x , R = R - 946 (y - y ) 

m 7 -n rrt 7 


Table 9.9. Determination of Maximum Deflection and Dynamic Reactions for Front Wall Slab 
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g. Shear Strength and Bond Stress. 

Maximum shear = 17.8 kips/ft = V 

Maximum shear intensity = v = V/bjd = = 199 psi 

Allowable v = 0.04f( + 5,000p + rf (eq 4.24a) 

= 0.04(3,000) + 5,000(0.0148) = 120 + 74 = .194 psi < 199 

The allowable shear shress is exceeded "by 2,5 P6rceirfcj however^ "this 
is tolerable and no stirrups are used. 

Maximum bond intensity = u = V/Zojd = = 296 psi 

Allowable u = 0.15^ (par. 4-09b) 

= 0.15(3,000) = 450 psi > 296 

The bond stress intensity is satisfactory. 

11 • Back Wall Slab Reactions. Since it is necessary to include the 
effect of blast on back of structure in the dynamic overturning and slid¬ 
ing analysis to be performed later, the back wall slab reactions will be 
obtained in a manner similar to that used for front wall slab reactions. 

• Design Loading. See average back wall overpressure-time curve 
(fig. 9.20). 



Figure 9.20. Average back wall overpressure-time curve 
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3 • Design Factors and Wall Properties. Same as front vail slat, 
k. Reaction Determination by Numerical Integration. Using the ac¬ 
celeration impulse extrapolation method (par. 5-08d) and the same resis¬ 
tance functions as in f. above, the dynamic reactions can be obtained for 
the back wall slab. 


Table 9.10. 


Determination of Maximum Deflection and Dynamic Reactions for Back Wall Slab 


t 

■^“hac.V 

P 

n 

R 

n 

P - R 
n n 

y n (At> 2 

y n 

Strain 

V 

(sec) 

(psi) 

(kips) 

(kips) 

(kips) 

(ft) 

(ft) 

Range 

(kips) 

0.030 

0 

0 

0 






0.0325 

0 

0 

0 






0.035 

0.20 

O.316 

0 

0.316/2 

0.0000298 

0 

e 

0.0348 

0.0375 

0-53 

0.835 

0.028 

0.803 

0.0001518 

0.0000298 

e 

0.1029 

0.040 

0.85 

1.340 

0.200 

1.140 

0.0002150 

0.0002114 

e 

0.228 

0.0425 

1.18 

1.86 

0.575 

1.285 

0.0002420 

0.0006090 

e 

0.435 

0.045 

1.60 

2.52 

1.180 

1-340 

0.0002530 

0.0012486 

e 

0.738 

0.0475 

1-93 

3-04 

2.030 

1.010 

0.0001910 

0.0021412 

e 

1.129 

0.050 

2.30 

3.62 

3.060 

O.56O 

0.0001058 

0.0032248 

0.0044132 

e 

1.588 


9-13 RIGID BODY OVERTURNING MD SLIDING ANALYSIS. In order to perform 
the preliminary shear wall analysis later in this example, it is necessary 
first to consider the building as a rigid body, sliding and rotating about 
the longitudinal axis of the footing. Using the principles presented in 
paragraph 9-06a, it Is necessary to compute x q and and the corre¬ 

sponding displacement and rotation, x q and , respectively, by means 
of a concurrent numerical integration of equations (94) and (9-5) • From 
these values, the rigid body acceleration of the top of the shear wall can 

(eq. 9.4) 


(eq. 9-5) 


be obtained and used in the shear wall design. 


a = 
o 


M - F y 
0 o J 

-r “2 

I q - my 


x 


— - ay 
m o 
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a. Mass Moment of Inertia. I This consists of the mass moment of 
_ o 

inertia of all of the elements about the axis of rotation of the structure. 

Because of the tendency for cer¬ 
tain parts of the structure such 
as the earth, floor slab, column 
footings, etc., to translate but 
not rotate, these elements will 
have an inertial component in the 
horizontal direction only. All 
other portions of the structure 
will have inertial components in 

" 0 '^Y 0.41*| ^Base of Footings 

■both the vertical and horizontal 

directions. The centroid and moment of inertia computations are presented 
in tables 9-H> 9-12, and 9*13* The dimensions used in these computations 
are shown in the sketch. 


Y 



Table 9,11. Computation of Mass and Location of Centroid of Building 






Mass 



Element of 
Building 

Dimensions 

Volume 
(cu ft) 

Weight 

(kips) 

(m) 

(kip-sec 2 ^ 

y* 

(ft) 

my 





\ ft / 


Front vail 

0.83(13.13)156.8 

1,715 

257 

7.96 

7-40 

59-0 

Rear vail 

0.83(13.13)156.8 

1,715 

257 

7.96 

7.40 

59-0 

End walls 

2 [0.83(46.34)13.13] - 84 

926 

139 

4.32 

7.40 

32.2 

Shear vails 

4 [0.83(46.34)13.13] - 52.5 

1,810 

271 

8.40 

7.40 

62.2 

Roof slab 

0.54(48.0)156.8 

4,060 

608 

18.85 

14.23 

269 .O 

Transverse 







girders 

8(0.96)133(39.0) 

396 

59.^ 

1.84 

13.36 

24.5 

Longitudinal 






girders 

2(0.96)1.0(154.8) 

298 

44.6 

1.38 

13.36 

18.45 

Columns 

(36)1.0(1.0)12'.17 

438 

65.8 

2.04 

7.25 

14.90 

Floor 

0.5(46.34)155.17 

3,600 

540.0 

17.00 

2.75 

46.70 

Exterior 






vail 

footings 

2 ( 0 . 83 ) 2 . 5 ( 201 . 0 ) 

835 

125 .O 

3.90 

0.43 

1.68 

Isolated 







footings 

16(4.0)4.0(1.5) 

384 

57-6 

1.78 

0.50 

0.89 

Attached 





footings 

20 ( 1 . 67 ) 2 . 67 ( 0 . 83 ) 

74 

1.1 

O .34 

0.43 

0.15 

Struts 

8 ( 1 . 0 ) 1 . 0 ( 33 . 42 ) 

267 

40.0 

1.24 

0.50 

0.62 

Shear vail 






footings 

Mo. 83 ) 2 . 5 ( 45 . 48 ) 

377 

56.5 

1.75 

0.4l 

0.75 

Earth 

6 .5(23.17)46.33(1.67\ 
6.5(874)0.83 J 

16,390 

1,639 

36.20 

14.60 

1.67 

0.43 

60.50 

6.27 

■ 



M, 151.0 

129.56 


S5F^I 


Ratio of Rotating Mass 
to Total Mass 


Rotating 

Mass 


2 [28(12) +1.5(28)21+1 

- - k - 4.6(157r 

One-half length only 


1.0 

1.0 

1.0 

1.0 

0.64 

0.50 


Note: Net y = 656 . 81 / 129.56 = 5.06 
* y Is vertical distance of 


8/13 0.62 

Interior columns only (20) O .55 

0 

1.0 

0 

1.0 

0 

1.0 

0 


ft. 


7.96 

7.96 

4.32 

8.40 

12.09 

0.92 

0.85 

1.13 


3.90 


0.34 


1.75 


mass center of element above point of rotation " 0 ." 
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Element 

■ 

^ 2 

■Sty 

(kip-sec 2 /ft) 

Front vail 

0.0833(7.96)0.83 s 

0.46 

7.96(23.58) 2 

4,420 

4,420 

Rear vail 

0.0833(7.96)0.83 s 

0.46 

7.96(23-58) 2 

4,420 

4,420 

End vail 

0.0833(4.32)(46.34) 2 

775.0 



775 

Shear vails 

0.0833(8.4o)(l9-66) 2 

270.0 

8.40U7.38) 2 

2,530 

2,800 

Roof slat 

0.083 £18.85(48.0) 2 - 6.76(28.0) 2 ] 

3,180.0 



3,180 

Transverse girders 

0.0833(0.92)19.66 2 

29.6 

0.92(17.38) 2 

2,760 

2,790 

Longitudinal girders 

0.0833(0.53)l-0 2 

0.04 

0-53(4.0) 2 

8 

8 

Co limans 

0.0833(0.9l)l-0 2 

0.08 

0.91(20.0) 2 

364 

364 

Floor 






Exterior vail footing 
(longitudinal only) 

0.0833(3.07)2.50 2 

1.59 

3*07(23.58) 2 

1,700 

1,702 

Isolated footings 

Attached footing 

0.0833(0.34)1.67 s 

0.07 

0.34(20.0) 2 

136 

136 

Struts 

0.0833(0.62)8.35 2 

3.60 

0.62(17.38) 2 

187 

191 

Shear vail footing 

0.0833(2.58)11.75 2 

432.0 



432 

Earth 





21,118 


Table 9.13. Computation of Moment of Inertia, I%% 


Element 

1 ,2 

12 mcL 

—2 

my 

hat 

(l&p-sec 2 /ft) 

Front vail 

0.083(7.96)13.13 2 

114 

7.96(7.40) 2 

435 

549 

Rear vail 

0.083(7.96)13.13 2 

114 

7.96(7.40) 2 

435 

549 

End vail 

0.083(4.32)13.13 2 

62 

4-32(7-40) 2 

236 

298 

Shear vails 

0.083(8.40)13.13 2 

121 

8.4 o( 7.4 o) 2 

458 

579 

Roof slab 

0.083(18.85)0.54 2 

0.5 

18.85(14.23) 2 

3,830 

3,830 

Transverse girders 

0.083(1.84)0.96 2 

0.1 

l.84(13.36) 2 

329 

329 

Longitudinal girders 

0.083(1.38)0.96 2 

0.1 

1.38(13.36) 2 

247 

247 

Columns 

0.083(2.04)12.17 2 

25 

2.04(7.25) 

107 

132 

Floor 

0.083(17.00)0.50 2 

0.4 

17.00(2.75) 2 

128 

128 

Exterior vail footing 

0.083(3.90)0.83 s 

0.2 

3-90(0.4l) 2 

0.6 

1 

Isolated footing 

0.083(1.78)1.50 2 

0.3 

1.78(0.4l) 2 

p 

0.2 

1 

Attached footing 

0.083(0.34)0.83 2 


0.34(0.41) 



Struts 

0.083(1.24)1.0 2 

0.1 

1.24(0.50) 2 

p 

0.3 


Shear wall footing 

0.083(2.58)0.83 2 

0.2 

2.58(0.50) 

0.6 

1 

Earth 

0.083(36.20)I.67 2 

83 

36.20(1.67) 2 

101.0 

134 

Earth 

0.083(14.60)0.83 2 

8.3 

14.60(0.4l) 2 

2.4 

11 






6,839 
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I - 1^ + 1^ - 21,118 + 6,839 = 27,957 kip-sec /ft 


b. Ground Foundation Interaction. 


4(1 - V)‘ 


(eq. 4.59) 


Tliis equation is for a solid foundation slab and the value of B 
thus obtained must be multiplied by the ratio of ^ ne t/^gross s ^ nce 
fo unda tion consists essentially of strip footings. See paragraph 4-15d. 

t 1 -uj3 1 -kiji3 o 




gross 


-i. bd 3 
12 


b’d’ 3 

•un.3 


From figures 9.12 and 9-13, 
b = 158.5 ft 
d = 49.75 ft = 2L 
b'« 143-5 ft 
d’= 44.75 ft 

Ratio! Jl - 1 - ^3-5(l*.75£ , 0.340 
net 7 gross 158.5(49.75) 3 

For a solid slab, 

231 a* ^9-75(lg.)„ _ 31.5(10)^ ft-kips/ft/radian 

¥ 1 - 0.333 2 2 J 

Modified for specific example, 

B = 31.5(10)^158.5(0.340) = 17.0(10 7 ) ft-kips/radian 

c. Determination of Passive Resistance of Earth, F . Since earth 
between front and rear wall will be considered - to move with the structure, 
the rear wall only will offer passive resistance. 

F p = O.5(7)H 2 (K^0) (eq 4.58) 

= 0.5(0.100)2.5 2 (10) = 3-12 kips/ft 
3.12 kips/ft (156.8) = 492 kips = total passive pressure 

d. Determination of Blast Forces on Front Wall F f , Back Wall F p , 
and Roof V. 


F„ = 12.0 ( 156 . 83 )(144/1,000)P 


'front * 270P front 
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F b ’ 270 P back klFS 

F f * F b ’ 2T0 < P iront ' ? ba=k> kl P s 

P front ~ "^back ^ °l" t:a 4 ne 4 from figure 9*21. 

V = vertical "blast load on roof and portion of footings exposed to 
"blast 

Blast load on roof (V r ) = 48.0(156.8) ^roof = 1,0S ° P roof 1511)3 

P _ is obtained from figure 9-18. 
roof 

Blast load-on footing (V p ) = 0.83( 158 .front + ^back^ 

= 19.1 (P + P ). (Exposed end vail footing not included.) 

irorrt dsck 

p\ , and P. . are obtained from figures 9.19 and 9-20, 
front back 

respectively. 



Figure 9.21. Average net lateral overpressure versus time 
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Table 9.14. (F y- F^J and V Values for Rigid Body Analysis 


t 

(sec) 

p - p 

front back 

(psi) 

F - F 
f b 

(kips) 

P + P 

front back 

(psi) 

V 

p 

(kips) 

p - 
roof 

(psi) 



0 

28.5 

7,700 

28.5 

5^5 

0 

0 

5^5 

0.0025 

26.9 

7,260 

26.9 

514 

0.60 

647 

1,161 

0.005 

25.2 

6,800 

25.2 

482 

1.20 

1,290 

1,772 

0.0075 

23.7 

6 , 4 oo 

23.7 

452 

1.80 

1,945 

2,397 

0.010 

22.1 

5,960 

22.1 

422 

2.50 

2,700 

3,122 

0.0125 

20.5 

5,540 

20.5 

391 

3-10 

3,350 

3 , 7^1 

0.015 

18.9 

5,100 

18.9 

361 

3.65 

3,940 

4,301 

0.0175 

17-3 

4,720 

17.3 

330 

4.30 

4,650 

4,980 

0.020 

15.7 

4,240 

15.7 

300 

5-00 

5,400 

5,700 

0.0225 

l 4 .i 

3,800 

14.1 

269 

5.60 

6 ,o 4 o 

6,369 

0.025 

13.6 

3,670 

13.6 

260 

6.15 

6,640 

6,900 

0.0275 

n.o 

2,970 

11.0 

210 

6 .75 

7,280 

7,490 

0.030 

10.8 

2,920 

10.8 

206 

7.45 

8 ,o 4 o 

8,246 

0.0325 

10.7 

2,88o 

10.7 

204 

8.05 

8,700 

8,964 

0.035 

10.6 

! 2,860 

10.6 

202 

8.65 

9,340 

9,542 

0-0375 

9.8 

2 , 64 o 

10.5 

200 

8.62 

9,300 

9,500 

o.o 4 o 

9-5 

2,560 

10.4 

198 

8.45 

9,120 

9,318 

0.0425 

9-1 

2,460 

10.3 

197 

8.35 

9,000 

9,197 

0.045 

8.6 

2,320 

10.2 

195 

8.30 

8,950 

9,045 

0.0475 

8.2 

2,220 

10.1 

193 

8.20 

8,850 

9,043 

0.0500 

7-8 

2,100 

10.0 

191 

8.09 

8,720 

8,911 

0.0525 

7.4 

2,000 

11.4 

218 

8.00 

8,640 

8,858 

0.055 

6.8 

1,835 

12.9 

246 

7.90 

8 , 54 o 

8,786 

0.0575 

6-3 

1,700 

13.2 

252 

7.82 

8,430 

8,682 

0.060 

5-9 

1,590 

13.4 

256 

7.75 

8,360 

8,616 


e. Dynamic Analysis. 



Io «0 

I V + mg 
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Table 9.15 . Simultaneous Rigid Body Overturning and Sliding Analysis . Part I - Overturning 
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O PM NO 

^ Si ^ 


NO O OO 00 
S'— -4 On 
r— On On 


NO r— On On 
OO CM rH 


00 CM O A O O O 

O £r 00 ON -4- H CM 

-4- CO fO h OO CO CM 


OOOOOOO 

9 a a a a 9 a 

CO OO CO CO OO OO OO 


% 

CD 

a" 

H 

1 

h 

4 a 

d 

-H 

to 

+- 

CM 

O 

Ph 

£ a 

-P 03 

+ 

J* 

IS 

=L 

f 

5 ► 

«: 

d 

0 3 

CD° 


> 

<1) ■ 

PP 

1 


i 

a 3 

crt rH 





EM 1110-345-419 
15 Jan 58 


9-13e 


Table 9.16. Simultaneous Rigid Body Overturning and Sliding Analysis. Part II - Sliding 



F 

x = — - a y (eq. 9-5) 

o m o J v 

* At time t = 0.0150 sec, x reaches its maximum value and x = 0. 

? o o 

Therefore sliding stops since F Q /m > ay (see eq. 9-7)- 


Table 9.17. Acceleration of Top of Shear Wall 
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Determination of Re- 


9-lV ppw.TMTNARY HTVESTIGAIION OE SHEAR WALLS, a. 
sistance Functions. It is necessary to determine the resistance function, 
an expression relating the lateral deformation of the structure to the in¬ 
ternal resistance -which the structure develops to resist that deformation. 
This relationship is used for "both the design of the shear walls and the 
determination of the magnitude of the overturning and sliding in the 
dynamic overturning and sliding analysis to he performed later in this 
example. 

Since the transverse girders are relatively flexible compared to the 
shear walls, no rigid frame action develops; hence the only appreciable 
resistance to lateral deformation of the structure will be considered to 


be developed entirely within the shear walls. 

Since the two end shear walls are slightly different from the in¬ 
terior shear walls, an investigation must be made of each type in order to 
determine the resistance of the entire structure. A moment and shear dis¬ 
tribution of the shear walls will be perfoimed in accordance with the pro¬ 
cedures described in paragraphs 9-0{rt) and 9-05 in order to obtain the re¬ 
sistance function of each wall. The resistances will then be combined in 
order to determine the resistance function of the entire structure acting 
as a whole. The preliminary shear wall investigation is based upon an as¬ 
sumed wall thickness of 10 in. which is considered the practical minimum 
thickness for reinforced concrete 


walls. 

b. Interior Shear Wall. 
The resistance function for a 
typical interior shear wall as 
shown, here is determined in the 



following paragraphs. 



20,5‘ 


8.47' _12.03*-fc 


1 

s 

!_ I 




j i__ 

59*1 





*'.l 

— 0.83' t 

_j 

! _ 


|_ 0.83 


SECTION A-A 


c. Section A-A (Shear Wall Section). 
The le n gth of the front and back walls on 
each side of the shear walls which can be 
considered to act integrally with the 
shear wall as flanges should not be 
greater than (l) one-sixth height of wall. 


65 




9-l4c 


1 


EM 1110-345-419 
15 Jan 58 


since walls are designed for plastic action, (2) four times thickness of 
exterior wall, or (3) one-half the distance to adjacent shear wall, which¬ 
ever is the least dimension. 


h = 2 (| height) + t = 2 ( ^° 6 ~ °- 8 3 ) + o.83 = 5-39 ft 

b = 8t + b' = 8(0.83) + O.83 = 9(0.83) = 7.50 ft 
5.39 < 7.50 ft 
Use 5.39 ft 

7 = 20-5 2 (0-83) * 0.83 g (lt.56) _ BAj n 

2 [0.83(2.05) + 0.83(4.56)] 

*00 = 20 ’5(0.83) + 1.78 2 ] + 4.56(0.83) + 8.03 2 ] 

= 646 + 244 = 890 ft 14- 
Area = 20.5(0.83) = 17.0 ft 2 


Section B-B (Lintel Section). 

b = 8t + V = 8(0.54) + O.83 = 5.17 ft 


5 , 17 ' 


± 


4 . 0 ' 




7 . + 0-83(t.O ) 2 _ 1 4.6| „ 1 

29' 2 [0.83(4.0) + 0.54(4.34)] 2 ^ 5 * 66 ) 


SECTION B-B 


I 

1 

0.54(5 


0 . 83 ' 


■oa - °- 83 ( 4 . 0 )[h§! + o.7i 2 ] + 

+ = 6.06 + 2.96 = 9.02 ft 1 


Area = 0.83(4.0) = 3.32 ft‘ 
e. Section C-C (Footing Section). 

Area = 2.5(3.0) = 7.5 ft 2 

V - - 5.62 n 4 


3 . 0 * 



SECTION C-C 


f ' Constan ts for Moment Distribution—Members CA and DB (Par. 9-04) 
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L = 7.5 + 2.71 + 1-50 = 11.71 ft 
1.50 9.0 


x . 1-50 x , 9 .-°- 

X 1 “ 11.71 * 2 11.71 

x x = 0.128 , x 2 = 0.770 

a l = x 2 “ X 1 = 0,770 " 0,128 
= 0.642 


31.06 


12.03^ 


B 


I * 00 

| 2.7L 

J~F 

7.5' 

I * 09 

—*T5T 


= I ( X 2 " X l) = 0,5 (0 - 77 ° 2 " °' 12 ^ = °* 298 

= i (x 3 - x 8 ) = 0.33 ( 0 . 770 3 - 0.128 3 ) = 0.151 


S , IqE = 8 90(2.2)— = 0<83 4 . E / G = 2.2 

l 2 ag n.7i 2 (i7.o) 

O 

= a x S + a 3 = (0.642)(0.834) + 0.151 = O.687 
a 3 

C --C p 

1 a 2 ~ a 3 2 


°2 = 


a 2 ~ a 3 _ 0.298 - 0.687 _ _ _ 1<10 

ai a’ - (a 2 ) 2 ~ 0 . 642 ( 0 . 687 ) - (0.298) 2 


°1 = oj 


0.687 


(-1.10) = 1.95 


C 3 


(c 2 ). 


2.12 


^4© = !W- to -30 

CO = — = - = -0.566 

- rt i nt: y 


fe" 

II 

rvtv 

ss .. . .— 

£[137 

C * 0 ' C A 

C 2 

1.10 


" 1-95 


C 2 

1.10 

O 

O 

II 

0 | 
U> !! 

H 

" 2.12 


For unit lateral deflection of top of vail. 
i|r = chord rotation of CA = l/L^ = 

L/XX 
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^CA ~ " itE ( 1 + C ‘°‘CA^CA^CA 

= -( 4 )( 3 )( 10) 3 [l + (- 0 . 566 )] (i 44 )( 37 .o)/ii .7 
= -2.37(10 ) 6 ft-kips 

*™ac = - 4 E(l + Q.O.^K^ 

= -(4)(3)(10) 3 [1 + (-0.527)] (i44)(4o.3)/ll.7 

= - 2 . 82 ( 10 )^ ft-kips 

g. Constants for Moment Distribution—Member AB (Par. 9-04-) 
L * 7-0 + 12.03 + 12.03 = 31.06 

x i - wM - °- 38T 

*2 - - °- 613 

a l = x 2 " x i = °-^ 1 3 - 0.387 = 0.226 

a 2 = \ ( x 2 " x i) = °*5 [( 0 . 613) 2 - (0.387) 2 ] = 0.1132 

a 3 * \ ( x i - x J) = | [(0.613) 3 - (0.387) 3 ] = 0.0576 

s « = ... £-02(2.2) — , 0.00620 ; E/G » 2.2 

L A q G (31.06)^ 3-32 

a 3 = a l S + a 3 ~ °* 22 6 °( 0 . 00620 ) + 0.0576 = 0.05901 


c &2 : a 3 , 

2 . ; ^2 + 


0.1132 - 0.05901 


a l a 3 " ( a 2' 0.2260(0.05901) - (0.1132)‘ 


= 108.3 


C, = 


1 a 2 “ a 3 ° 2 0-1132 - 0.05901 


0.05901 


(108.3) = 118.0 


For symmetrical members: 


C.0. = C.0.^, = 

AB BA C„ 


K » - tt 2 (£§) - 7.86 

C *°'AB = = ’TI5T = °-919 


9-l4g 
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h. Constants for Moment Distribution—Member CD (Par. 9-0*0 1 
a , & n , and a., same as for member AB 

1 ' 2 * 3 

g = . = (5«62) 2. _ 2 _ = 0.001710 • E/G = 2.2 

l 2 A q G ( 31 . 06 ; 7-5 

= & ± S + a 3 = 0.2260(0.001710) + 0.0576 = 0.0580 


0 a 2- a 3 

C 2 “ . / x 2 


0.1132 - 0.0580 


= 172.2 


a l a 3 " ^ a 2 ' 0 . 2260 ( 0 . 0580 ) - ( 0 . 1132 ) 

«l - c 2 - 0^^ 0 575 172 ' £ ' 200 

*c D ■ Trifci} - 9 - 03 

CO .fs.HSiS. 0.862 

0,U 'CD C 1 200.0 

For antisymmetrieal loading, K factors can be modified so that distribu¬ 
tion can be performed on one-half structure. 

K* = K(1 + C.0.) 

K* = 7-86 (1 + 0.919) =15.10 

Ad 

k cd = 9-03 ^ + °- 892 ^ = 17,10 

i. Moment Distribution for Unit Lateral Displacement. 

F = 2 ( 10 ) 6 ( 1.28 + 1.17)/H.71 = 419,000 kips/ft 

The analysis performed assumed that 
the horizontal load on the shear vail vas 
located at the centroid of member AB. The 
actual location, hovever, is at the top of 
the shear vail, hence a modification of the 
displacing force vill he made to account 
for this action. 


+ 1,17 
+ Q-Qg 
+ 036 
+ 0.76 

-TTsTTol 


fro] cuJOlfO K Oin K 

o oj — ~ 

U* <\ic\i — o do — 

4 J ' +1 * + 1 + 1 


( CO t** I 

o o T 

com un 001 lo — | to ookIoI + 0.0 
CNiloO horn 10 0(0 fs. 75 -r 

T7C1 +To 

r Hnn 


+ ! 428 
'.03 
6 
.09 


Fh = 1>0 + (419, 000) 1^0- = 1.0 + 0.214 = 1.214 ft 

M * 48.0 (O. 83 ) 1.36 ( 10) 3 144 
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9-14J 


= 1,725 kips 


Elastic k = £ = = 345,000 kips/ft 

At first cracking: R c = 0.1 f^tL = 2(390) 0.83(18.5) ~~ 

(eg. 4.50) 

5 e - f - 35050 - °' 005 « 

j. Resistance Function for One Interior Shear Wall. The load and 
deflection at first cracking define the resistance function in the elastic 
range as shovn by the sketch on the left. 


1,725 


0.005 F(ft) 

RESISTANCE FUNCTION-INTERIOR SHEAR WALL 


r 

A 


, 210' 

t 6,0 ’ J 

t 21.0' 



' f*B 


4.tf 



, 

7.5’ 

. -. j 


Lb 


3.0': 

S i 



A 


Elevation-End Shear Wal 


k. End Shear Wall. The resistance function for the end shear vail 
shovn in the sketch on the right is determined in the folloving par agr aphs. 

l. Section A-A (Shear Wall Section). 


Effective flange is l/6 height of vail .\ £(14.50 - O.83) + 0.83 = 3.11 ft 



9.54' | 

28.92' 1 9.54' 

(21.o) 2 0.83 + (O.83) 2 2.28 

3 4 

\ 

r 1 . 

^ 21.0 

l 

|i 6 -°; 

a,.'o. > 

2 (0.83) 21 + 0.83(2.28)" 


Section A-A Shear Wall Section 


= 9-54 ft 


I cg = 21 ( 0 . 83 ) + 0 . 96 2 ) + 2 . 28 ( 0 . 83 ) 

= 657 + 157-0 = 8l4 ft 4 
A v = ( 21 . 0 ) 0.83 = 17.42 ft 2 

ni. Section B-B (Portal Section). 
b = 4(0.54) + 0.83 = 3-00 ft 
A = 4.0(0.83) + 0.54(2.17) = 4.49 ft 2 

7 - 0,27 = 1-55 ft 


+ 9.10 2 ) 


4.0 


1.55 


3.0' 


0.54T 


0.83' 


Sect. B-B Portal Section 
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I = 3-32 


(tT + °' 452 ) + ^ (t^ + 1-28 2 ) 
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= 5.07 + 1.94 = 7-01 ft 

n. Footing Section (Same as for Interior Shear Wall). 

I = 5.62 fV 
A « 7-5 ft 2 

o. Constants for Moment Distribution—Members CA and DB (Pax. 9-04) . 
L = 7-5 + 2.45 + 1.50 

= 11.45 ft 

1.50 


28.92' 



, M ' 46 ' , 

,6. 0‘ 

11.46' , 




A 




B 



I s CD 




I s ® 

in 

’t 

C4 

A = 0D 




_A*?... 






L—=, 

7.5‘ 

1 

1 - 

- 

1—; 

[— 

nr 


*1 = ITt? = 0 - 1310 
x 2 " " °' 785 

a ]_ = x 2 “ 1 1 
= 0.785 - 0.131 = 0.654 

1 (*2 ' x l) = I [(°-7 8 5) 2 “ (0.131) 2 ] = 0.2995 


11.45’ 


a 2 “ 2 


= i ^ = i [(0.785 ) 3 - (0.131) 3 ] = 0.1606 


S = 


I E 
o 


8lI) - (,2-iL)- = 0.784 ; E/G = 2.2 


L 2 A q G (11.45) (17-42) 
a' = a S + a = (0.6540 ) 0.784 + O .1606 = O .6726 

D •*“ 


C 2 = 


a 2 - a^ 


0.2995 - 0.6726 


= - 1.022 


a^’ - (a 2 ) 2 (0.6540) 0.6726 - (0.2995V 


0 _ 3 c = _ 0 • 6728 -r—r (- 1 . 022 ) - 1.86 

C 1 " a~ - a' °2 0.2995 - 0^726 


a - 2a + a 4 0.6540 - 2 ( 0 . 2995 ) +0-6726 / 1<022 ) = 2.06 

C 3 ' - a 0 - °2 -- 0.2995 - O.m 

^ 2 3 


K C]L ^ = 33.10 

^A- = T YW " 4(11.45) 

c 3 (M _ ( 2 . 06 ) 8l4 = 36<6o 
= T \T/ " 4(11.45) 


AC 

c.o 


CA 


cf - : T 'W = "°- 55 °° 
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9-l4p 


' 2 . - 1.022 


‘AC C, 


= -0.5130 


Unit lateral deflection of -Mall, t CA = chord rotation of CA 
= ^CA * ^AC 

fem ca - -4e(i + c.o. ca )k ca t CA 

= -4(3)(l0) 3 [l + (-0.550)] 144(33-10)/ll.45 
* - 2 . 25 ( 10 ^) ft-kips 

FEM^ = -4(3)(lo) 3 [l + (-0.5130)] l44(36.6)/ll.45 

= -2.68(10)^ ft-kips 

p. Constants for Moment Distribution—Member AB (Par. 9-04). 
L = 11.46 + 6.0 + 11.46 = 28.92 
11.46 „ 


X 1 


= 0.396 


x 2 = = °- 6ok 


a^ = = 0.604 - O .396 = 0.2080 

a 2 = | [x| - 4] = | [(0.604 ) 2 - (0.396) 2 ] = 0.05267 

a 3 = I [ x 2 " x l] = I [( 0 . 604) 3 - ( 0 . 396 ) 3 ] = 0.05267 

S = ~— = -( . T-04) 2.2 — = 0>0055 5 . E / G = 2.2 
HG ( 28 . 92 ) 3.32 

a^ = a x S + a 3 = ( 0 . 2080 ) O.OO 556 + 0.05227 + 0.05342 

C = — I ^ = (0.1026 - 0.05342) = 8g>9 

2 a^ - (a 2 ) 2 ( 0 . 2080 ) 0.05342 - ( 0 . 1026) 2 

C 1 = a 2 - a^ C 2 = 0.1026 - 3 0.05342 = 97 '° 

C -°'AB * 5f ' - °' 922 


% “T 


( X o\ (97.0) 7.01 r QQ 

XT) - Yww* 5,8 
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q. Constants for Moment Pistribution--Me mber CD. 
a , a„, and a_ same as for member AB 

12 J 

g _ J?_L - ( 5 * 62 ) 2.2 _ 0,001970 ; E/G = 2.2 

~L 2 AG (28.92 ) 2 7-5 
o 

= &1 S + a 3 = 0.2080 (0.00197) + 0.05267 = 0.05308 

a 2 ~ a 3 _ ( 0.1026 - 0.05308) = 91 ' k 

° 2 = a a> - (a„) 2 ( 0 . 208 ) 0.05303 - ( 0 . 1026) 2 

13 2 


a 2 “ a 3 


P_ 0 ;05308- (97.4) = 104.0 

C 2 * 0.1026 - 0.05303 


c -°-cd = Sr = °- 932 

For anti symmetrical loading, K’s can be modified so that distribu¬ 
tion can be performed on one-half of structure, 

K* = K(l + C.0.) 

K’ = 5.88(1 + 0.922 ) = 11.30 
AB 

K CD = 5 - 05 ^ + °*932) * 9-75 

r. Moment Distribution for Unit Lateral Displacement^ 

F = 2(10) 6 (1.02 + 0.89)/ll.45 
= 333,000 ksf 

In a manner identical with the interior 
shear wall, the displacing force will be mod¬ 
ified to take account of the actual location 
of the horizontal force on shear wall. 


5 = 1.0 + 
= 1.0 + 


Fh 

AG 



(333,000)4.0 _ lkh = 1<0 + 0.171 = 1.171 ft 


48 . 0 ( 0 . 83 ) 1 . 36 ( 10) 3 

For end wall, k/2 shall be considered effective k because of blast 
load on end of building (see par. 9-07) • 

Elastic k = ^000 = 284,000(0.5) = 142,000 kips/ft 

At first shear wall cracking R c = O - 1 f 4 c tL 4-5°) 
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R c = 2 ( 390 ) 0 . 83 ( 19 . 0 ) 144/1,000 = 1,775 kips 


rv __ C _ 1 ) 775 Q Q1 

S e " k “ 142,000 0,01 5 


Resistance Function for One End Shear 


1775 r~ Wall. The load and deflection at first crack- 

•f \ ing define the resistance function in the 

“ L_[__ elastic range as shown in the sketch on the 

0,0,25 8(,t) left 

RESISTANCE FUNCTION-END SHEAR WALL - Lex 10,450-- _— 

t. Resistance Function for Entire 8,320-- s -—' 

Building. The total resistance of the entire - / 


building is the total resistance of the four 
interior walls and the two end walls. 


At 5 = 0.005 ft, 
R = 4(1,725) + 2 


/ 0 . 0050 \ 
\0.0125/ * 


0.0125 8 


RESISTANCE FUNCTION-ENTIRE BUILDING 


775 = 8,320 kips 


At 5 = 0.0125 ft, R = 4(1,725) + 2(1,775) = 10,450 kips 

Equivalent dynamic system: 

Total ^ = 2(k end ) + 4(k lnt ) 

k = 2(142,000) + 4(345,000) = 1,664,000 kips/ft 
_L o 

m 2 = kip-sec /ft = mass of upper half of 

^ structure (par. 9 - 15 a) 

Elastic T n = 2 !\ = 6 * 28^36.82/1,664,000 = 0.0295 sec 

u. Dynamic Analysis by Numerical Integration. 

Use acceleration impulse extrapolation method (par. 5-08d). 


x , = 2x 
n + 1 n 


x , + x (At)' 
n - 1 n v 


P - R 
n n 

x --x 

n m r r 


(x is horizontal acceleration of top of shear wall as obtained from 
r 

rigid body overturning and sliding analysis (see table 9.17)*) 

P = 156.8 V~ (front wall reaction at roof level). (Back wall react: 
n 2 

is zero until air blast acts on back wall.) 

R = k.x = 1,664,000 x kips 
n In * ’ n 
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using At = 0.0025 (approximately l/lO T n )j (At) /m = (0.0025) /3 6 - 82 
= 0.000000170 

x (At) 2 = -0.00000625 x + 0.000000170 (P Q - R n ) 
n r 


Table 9.1S. Preliminary Shear Wall Analysis 


t 

(sec) 

V * 

2 

(kips) 

(kips) 

R 

(kips) 

P - R 
(kips) 

x + 
r 

(ft/sec 2 ) 

( 10" 5 ft) 

X 

( 10" 5 ft) 

0 

0.0025 

0.005 

0.0075 

0.010 

0.0125 

0.015 

0.0175 

0.020 

0.0225 

0.025 

4.96 

6.24 

10.21 

15.92 

17.80 

17.51 

17.20 

16.90 

16.62 

16.31 

777 

976 

1,600 

2,500 

2,790 

2,750 

2,695 

2,650 

2,610 

2,560 

0 

0 

0 

135 

710 

1,748 

3,040 

4,300 

5,106 

5 , 280 + 

777 
976 
1,600 
2,365 
2,080 
1,002 
-345 
- 1,680 
-2,490 
- 2,720 

44.7 

39-0 

30.6 

22.1 

12.1 

3-1 

- 6.70 

-0.91 

-7.54 

- 13.80 

-l 6.00 

-14.8 

- 7.8 

+ 8.1 

+26.4 

+ 27.8 

+15-1 

-1.7 

-27.5 

-37.7 

-37.6 

0 

o+t 

ott 

8.1 

42.6 
104.9 

182.3 

258.0 

306.2 

316.7 

289.6 

* 01 
** p 

t 

tt Ir 
ti\ 

* *$ 
thi 

sa _ 

. 

itained : 

= 156.8 

, is tab' 
l the fi: 
rely lar 
5t is se 
jximum s' 
an the m 
bisfacto 

J--- 1 ----- 

from table 9*9• 

v 2 . 

ulated in table 9 *17- negative because of the rela- 

rst two interva s, ne t in a one-story structure, 

ge jL,, Since this cannot occur in a one snory 

t equal to 0 during these time interva s. Tllis j_ s less 

hear vail resistance developed = 5,280 kips. This is^ 

aximum shear wall strength, hence the wall sections are 

ry.____________ 


9-15 nvn.MTr 0jmm m AM SUIDim INTOCTISffllON, In order to delude 
the effect of lateral displacement of the upper half of the structure 
respect to the lover portion during overturning and sliding It is necessary 
to perform a simultaneous dynamic overturning and sliding analysis (par. 


9-o6c). 

This can he performed 
only after the preliminary 
shear vail investigation so 
that the shear vail stiff¬ 
nesses can he used in deter- 

+v ond lower portions of the structure 

mining the net force on the upper ana aovex jjuj- 
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during the overturning and sliding action. 

The structure must he represented by two masses, and m g , as 
shown in the sketch on the preceding . 
page. 

a. Computation of Mass, Upper Por¬ 
tion of Structure. It is necessary to 
obtain the magnitude and locate the c.g. 
of each mass. m^ will be obtained using 
a ratio of total masses contained in 
table 9 -li¬ 



no 


Table 9.19. Computation of m 2 and j2 


Element 


m 

Ratio 

m 

2 

7 

from 

m 2 y 






top 


Front wall 


7.96 

6.30 

13.13 

3.81 

3.69 

14.05 

Rear wall 


7.96 

6.30 

13.13 

3.81 

3.69 

14.05 

End walls 


4.32 

6.30 

13.13 

2.06 

3.69 

7-50 

Shear walls 


8.4o 

6.30 

13.13 

4.02 

3.69 

14.85 

Roof slab 


18.85 

1.0 

18.85 

0.27 

5.09 

Trans, girder 


1.84 

1.0 

1.84 

1.14 

2.10 

Long. girder 


1.38 

1.0 

1.38 

1.14 

1.57 

Columns 


2.Q4 

6.30 

12.17 

1.05 

Z 36.82 

3.69 

3.88 

E63.09 

y from top 

= 1.71 it. 




y 2 = height - y from top = 14.50 - I .71 

= 12.79 ft. 



76 








9-15b 


EM 1110-345-419 
15 Jan 58 


1). Computation of Mass, Lover Portion of Structure. 
m = 129.56 kip-sec^/ft 


m. 


36.82 


= 92.74 


m l 7 l + m 2 7 2 = my 

my ‘ m 2 y 2 = 656.81 - (36.82)(12.791 


y l = 


m. 


92.74 


y^ = 2.00 ft 


c. Dynamic Analysis. The dynamic analysis •will "be performed "by a 
concurrent numerical integration of equations (9*8), (9-9) ^ and (9*10)« 
When sliding does not occur, equation ( 9 .11) vill he used in place of 
equation (9.8). 

R 2 ) y 2 


CC = 

o 


X = 

o 


M - (F, 
o 1 


V J 1 ' (F 2 


(eq 9 - 8 ) 


I - 


( F 1 “ R l^ 


el 


¥1 


Vi 


- m 2 y 2 


(eq 9-9) 


(F 0 - R 0 ) 


X 2 = 




- (*x m + a o y 2 ) (eq 9*10) 


a = 
o 


M„ - (F 2 - R 2 ) y 2 


(eq 9-11) 


I - m 0 y 0 

O et cL 


d. Shear Wall Displacement. (See table 9*23.) 

e. Soil Pressure Investigation. In order to determine maximum and 
minimum soil pressures at front and rear wall footings it will be necessary 
to summarize the dynamic reactions on these elements. Since a portion of 
the building has been considered to offer no resistance to overturning, it 
will be necessary to consider only those footings of the portion of the 
building which rotates. 

Area of footings of rotating portion of building: 

Front and rear wall footings 2 ( 2 . 9 ) 158.5 = 792.0 ft 
Shear and end wall footings 6(2.5)bk.75 - °72.0 

Attached columns footings 20(2.67)1.67 -—sLii-_ 

Total area 1,553*4 ft 

f , Dead Load Soil Pressure. Weight of overturning portion of build 

, n ,, q i Oo This is summarized on page 8 l. 

ing is obtained from table 9 .11, par. 9“13a* 
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Table 9.21. Tabulation of Vertical Blast Loads 


t 

(sec) 

V 

(kips) 

52V a 

(kips) 

V * 

B 

(kips) 

52V b 

(kips) 

p **• 

roof 

(kips) 

V 

(kips) 

vtt 

(kips) 

[N 

(kips) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.0025 

1.17 

60.9 

2.40 

125 

0.60 

184 

270 

202 

0.005 

2.92 

154.0 

6.27 

326 

1.20 

368 

848 

636 

0.0075 

5.69 

296.0 

12.68 

660 

1.80 

552 

1,508 

1,130 

0.010 

9.42 

490 

21.58 

1,120 

2.50 

770 

2,380 

1,785 

0.0125 

13-84 

722 

32.05 

1,670 

3-10 

950 

3,342 

2,510 

0.015 

18.02 

940 

42.55 

2,210 

3.65 

1,120 

4,270 

3,200 

0.0175 

21.68 

1,130 

51.80 

2,700 

4.30 

1,320 

5 A 50 

3,860 

0.020 

24.75 

1,285 

58.40 

3 ,o4o 

5.00 

1,535 

5,850 

4,380 

0.0225 

26.45 

1,372 

62.05 

3,220 

5.60 

1,720 

6,312 

4,740 

0.025 

27.70 

1 , 44-0 

64.80 

3,370 

6.15 

1,890 

6,700 

5,030 

0.0275 

28.90 

1,500 

67.60 

3,520 

6.75 

2,070 

7,090 

5,320 

0.030 

30.90 

1,605 

71.60 

3,720 

7.45 

2,290 

7,615 

5,720 

0.0325 

33-80 

1,755 

78.30 

4,070 

8.05 

2 , 48 o 

8,305 

6,240 

0.035 

37-30 

1,935 

86.70 

4,500 

8.65 

2,660 

9,095 

6,820 

0.0375 

39-20 

2 , 04-0 

91.30 

4,740 

8.62 

2,650 

9,^30 

7,060 

0.040 

39-00 

2,030 

93-20 

4,850 

8.45 

2,600 

9,480 

7,100 

0.0425 

4 o. 6 o 

2,110 

94.80 

4,920 

8.35 

2,560 

9,590 

7,200 

0.045 

41.02 

2,130 

95-70 

4,960 

8.30 

2,550 

9,740 

7,300 

0.0475 

40.92 

2,120 

95.40 

4,950 

8.20 

2,520 

9,590 

7,180 

0.050 





8.09 

2,480 



* V A 

and V-o c 

_i-—-*--- 

obtained from table 9*3. 





A 

Jd 








** p 

^ obtained from 

figure 9.I0. 





rooi 

t v = roof pressure 

on corridor slab 

and portions of roof directly 

above girders and vails 



n 

Ikk - 


-[ 

(7.0K156.8) + 4(0.83)(156.8) + (l 4 ) 2 (l 8 . 33 )l- 0 j 

1,000 P roof 

- 307 p roof 

• 







tt V 

it 

vn 

% 

> 

+ 

5»b + V 
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9-15* 


Table 9.22. Simultaneous Dynamic Overturning and Sliding Analysis. Part / - Overturning 

F 2 - B 2 “ < F f2 - V - B 

F 1 - R 1 ' ( p f2 ' F b2> + y ^ - (Mg + R 


t 

(sec) 

R* 

(kips) 

(IV 

(kips) 

1 img 

(kips) 

F i- R i 

(kips) 

( T 1 - R 1 )y 1 
(ft-kips) 

F 2 - R, 
(kips) 

0 

0 

0 

3,120 

-2,512 

-5,024 

778 

0.0025 

97 

202 

3,120 

-1,945 

-3,890 

881 

0.005 

4o6 

636 

3,120 

-1,451 

-2,902 

1,199 

0.0075 

980 

1,130 

3,120 

-1,803 

-3,606 

1,520 

0.010 

1,852 

1,740 

3,120 

-268 

-526 

938 

0.0125 

2,790 

2,510 

3,120 

-183 

-366 

“215 

0.015 

3,420 

3,200 

3,120 

-226 

-452 

-720 

0.0175 

3,580 

3,860 

3,120 

-8l4 

-1,628 

-930 

0.020 

3,270 

4,380 

3,120 

-1,673 

-3,346 

-660 

0.0225 

2,620 

4,740 

3,120 

-2,020 

-4,o4o 

-60 

0.025 

1,927 

5,030 

3,120 

-3,691 

-7,382 

+583 

0.0275 

1,500 

5,320 

3,120 

-4,446 

-8,892 

960 

0.030 

1,535 

5,720 

3,120 

-4,867 

-9,734 

915 

0.0325 

2,065 

6,240 

3,120 

-5.139 

-10,278 

+185 

0.035 

2,890 

6,820 

3,120 

-5,392 

-10,784 

-1,042 

0.0375 

3,650 

7,060 

3,120 

-6,162 

-12,324 

-2,322 

0.040 

3,920 

7,100 

3,120 



-3,150 

0.0425 

3,510 

7,200 

3,120 



-3,208 

0.045 


7,300 

3,120 




0.0475 


7,180 

3,120 





(F 2 ' R 2 )y 2 
(ft-kips) 


a ** 
0 


(radians/sec ) 


a o (At)" 
(10"^ radians) 


(10 ^ radians)! 


9,960 

11,280 

15 , 3 ^ 0 * 

19,460 

12,000 

“2,750 

- 9,200 

-11,900 

-8,440 

-766 

+7,46o 

12,280 

11,700 

2,360 

-13,300 

-29,700 

-40,200 

-41,000 


* R = 1,664,000 X kips (par. 9-l4u). 

i 0 - - “ 2 y 2 2 = 27 * 957 ' (92.74)(2 .o) 2 - (36.82K12.79) 2 = 18,227 

l 0 - V 2 = 27,957 - (36.8a) (12.79) 2 = 21,937 
** These values assume no sliding and are obtained using equation (9.11). 


0.19/2 

0.27 

O.56 

1.01 

1.47 

1.87 

1-95 

1.68 

1.06 

O.19 

-O.71 

-1.44 

- 1.81 

-1.84 

-1.65 

-1.43 

-1.44 

-1.74 


_L 


0.06 

0.17 

0.35 

0.63 

0.92 

1.17 

1.22 

1.05 

0.66 

0.12 

-0.46 

-0.90 

-1.14 

“1.15 

-1.03 

-0.89 

-0.90 

-1.09 


0 

0.06 

0.29 

0.87 

2.08 

4.21 

7.51 

12.03 

17.60 
23.83 
30.18 
36.07 
4i.o6 
44.91 

47.61 
49.28 
50.06 
49.94 
48.85 


Table 9.23. Simultaneous Dynamic Overturning and Sliding Analysis. Part II - Sliding 


t 

(sec) 

CF 1 - R l>/\ 
(ft/sec 2 ) 

Vi 

(ft/sec 2 ) 

X 

0 

(ft/sec 2 ) 

X 

0 

(ft) 

(F 2 - R 2 )/m 2 
(ft/sec 2 ) 

a v 
cr 2 

(ft/sec 2 ) 

X 2 

(ft/sec 2 ) 

(At) 2 
(10~ 5 ft) 

- 1 • ’ 

X 2 

(10~ 5 ft) 

0 

0.0025 

0.005 

0.0075 

0.010 

0.0125 

0.015 

0.0175 

0.020 

0.0225 

0.025 

0.0275 

0.030 

0.0325 

0.035 

0.0375 

0.040 

0.0425 

0.045 

0.0475 

-27.1 

-21.0 

-15.7 

-19.5 

-5.67 

+3-95 

-4.88 

-17.58 

-36.20 

-43.6o 

-79.70 

-95.80 

-105.0 

-111.0 

-116.2 

-133.0 

+O.96 
+1.00 
+1.66 
+2.86 
+3.50 
+4.46 
+4.62 
+4.40 
+3’. 44 
+1.84 
+0.34 
-0.86 
-1.80 
-0.74 
-1.50 
-1.06 

-28.06 
-22.00 
-17.36 
-22.36 
-9.17 
-0.54 
-9.50 

-21.97 

-39-64 

-45.44 

-79-36 

-94.94 

-103.20 

-110.26 

-114.70 

-131.94 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

21.1 

24.0 

32.6 

41.3 

25.4 
-5.8 

-19.6 

-25.2 

“17.9 

-1.6 

+15.9 

26.2 

24.8 

5.0 

-28.3 

-64.1 

-85.5 

2.4 

3-5 

7.2 

12.9 

18.8 

23.9 

25.0 

21.5 

13.6 

2.4 

-9.1 

-18.4 

-23.2 

-23.5 

-21.1 

-18.3 

-18.4 

18.7 

20.5 

25.4 

28.4 

6.6 

-29.7 

-44.6 

-46.7 

-31.5 

-4.0 

+25.O 

44.6 
48.0 

28.5 
-7.2 

-45.8 

-67.1 

11.7/2 

12.8 

15.9 

17.8 

4.1 

-18.6 

-27.8 

-29.2 

-19.7 

-2.5 

+15-6 

27.8 

30.0 

17.8 
-4.5 

-28.6 

-41.9 

0 

5.6 

24.4 

58.9 

111.2 

167.6 

205.4 

215.4 

196.2 

157.3 ! 

115.9 ! 

90.1 

92.1 

124.1 

173.9 

219.2 
235.9* 

210.7 


* Maximum, shear wall displacement. 
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Mass 



2 

kip-sec /ft 


Front wall 

Rear wall 

End walls 

Shear walls 

Roof slab 

Transverse girders 

Longitudinal girders 

Columns 

Exterior wall footing 

Attached footing 

Shear and exterior wall footing 

7.96 

7.96 

4.32 

8.4o 

12.09 

0.92 

0.85 

1.13 

3.90 

0.34 

1.75 


Total mass 

39-01 


W = mg = (39-01) 32.2 = 

1,255 kips 



To the above tabulation will 

be added the weight of soil and slab 

directly above that portion of the 

footings which participate in 

the 

rotation. 

Dimensions 

Volume 
(cu ft) 

Weight 
of earth 
(kips) 

Earth above shear wall footings 

Earth above end wall footings 

Ml.67)1.67(46.0) 
2(0.83)1.67(46.0) 

= 512 

= 127 

= 51.2 

= 12.7 

Earth above front and rear wall 
footings 

2(0.83)1.67(156) 

= 432 

= 43.2 

Total weight of earth 

Slab above shear wall footings 

Slab above end wall footings 

4(1.67)0.5(46.0) 
2 ( 0 . 83 ) 0 . 5 ( 46 . 0 ) 

= 154 

= 38 

107.1 

= 23.1 

= 5.7 

Slab above front and rear wall 
footings 

2(0.83)0.5(156) 

= 129 

= 19.4 

Total weight of slab 



48.2 


1,255 + 107 + 48 = 1,410 kips 
Average dead load soil pressure = ^ ^ 53.4 " 0.9^9 ksf* 


g . Normal Blast Load Soil Pressure. The Hast load pressures will 
consist of both a pressure due to normal blast load and due to rotation of 
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the structure. It is necessary to determine the blast load on that por¬ 
tion of the building which is considered to rotate. This will be obtained 
by subtracting the blast load on the portion of the structure not rotating 
from the total blast load, table 9 - 21 . 

Portion of Total Vertical Blast Loading 
Not Acting upon Rotating Part of Structure 

l 6 "a" edge slab reactions 

l 6 "b" edge slab reactions 

8 bays of corridor slab plus blast load 

872(lU4)P roof , 

directly on girders = - 1^000 

- 125 F roof 

These will be tabulated in table $.2k. 

h. Overturning Blast Load Soil Pressure^ 

. SBc 

Soil pressure due to overturning = —j~ 

c = distance from axis of rotation to center of front or rear wall 
footing = 23.T ft 

I , 6 (i) 2. 5 (W.75} 3 + 2 [ 1 - 58 -^d l! + (396)(23 .&f] = 552.165 ft 4 

Overturning pressure = = ^*30(10) ^ SB kips/ft 

B = 17.0(10)^ ft-kips (see par. 9-13b). 

i. ginrnnary. The maximum dynamic shear wall displacement computed 
in table 9-23 (x 2 = 0.00236 ft) is less than the deflection at first crack¬ 
ing in the interior shear walls = 0.005 ft, see par. 9-l^D in the 
end shear walls (8, = 0.0125 ft, see par. 9-l^r) • Tlie 10 -in.-minimum 
shear wall thicknesses are therefore satisfactory. The maximum earth 
pressure under the front and rear walls as determined from the tabulation 
in table 9.24 is 8.68 kips/sa ft. This pressure is well below the ultimate 
load-bearing capacity of 30 kips/sq. ft, hence the footing design is 
satisfactory. 

9-16 R00P AND FLOOR SLAB DESIGN (Deep Beam Action) , a. Roof Slab 
Analysis. Using the resistance value R obtained from the maximum shear 


Net Vertical Blast Load upon 
Rotating Part of Structure 


52 - 16 = 36 V^ 
52 - 16 = 36 V. 


B 


307 - 125 - 182 
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9 -l 6 b 


X 36 


36' 

-yyr 

O 6 

J 56 


Equivalent /<Os^ y-R°°f slab wall displacement in table 9*22 of the 

Uniform Lood-s y^^y^ 

yys dynamic overturning and sliding invest!- 

yyy gation (par. 9 - 15 c) as loads applied to 

<^V> 9 6 -^ ttLe roo:£ ' sla1:3 ( ac ' fcin g 85 a deep beam) it 

shearwoiiis possible to obtain an equivalent load 

Reactions ' Sn '< 

acting upon the roof slab. 

b. Loads on Roof Slab. Maximum R = 3,920 kips (t * 0.040 sec)j 

uniform load = 3,920/15 6 = 25-1 kips/ft. The distrihution of this uniform 

load to the roof slab will be considered in two different ways: 

(i) Proportioning in accordance with relative resistance of¬ 
fered by end and interior shear walls (par. 9-l4t). 

(ii) Deep beam analysis by moment distribution taking into ac¬ 
count shear deformation (par. 9-04b). 

Whichever results in a more critical value will be used in subsequent 
shear wall analyses. 

Proportioning shear wall loads in accordance with relative resist¬ 
ance, each end wall offers l42/l,664 of the total uniform Lood 25.iw PS /ft 
resistance (par. 9-l4t) and each interior shear , 1 1 T T~I 1 I , 

wall offers 345/1,664 of the total resistance. - 36 

, , „ , , 333 810 810 810 810 333 

End wall: 142/1,664 ( 3,920) = 333 kips 
Interior wall: 345/1,664 (3,920) = 8l0 kips. 

Shear wall loads obtained by relative shear wall stiffnesses are 
resisted by a uniform load of 25-1 kips/ft. 

c * Properties of Roof Section (Deep Beam). 

Effective flange width, b = 4t + b' = 4(0.83) + 0.54 = 3.86 ft 

I o = 2 [ 3 . 32 ( 0 . 83 ) 3 /l 2 + ( 0 . 83 ) 3 * 32 ( 23 . 58 ) 2 ] + 0 .54(48.o ) 3 /12 
= 6,465 ft 4 

A o = 0.54(48.0) = 25.8 ft 2 l__ 48.0' 

r: 1 1 

Same for all members because of |J~ fo, 54 ' ' j 3 e6 - 

4t + b' being controlling factor ^ —fh-0.83' 

in flange width. 

t3 -‘ Constant s for Moment Distribution—Center Spans (Par. 9-04). 
a l = a 2 = °-5, a = 0.333 


124't 36' 


36' T 24" 


333 810 810 810 8IO 333 
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S = 


I o E - _ (6M>5) 2.2 _ 0.425 ; E/G =2.2 

L 2 A G (36.0) 2 25.8 

O 


a' = a,S + a 0 = 0.425 + 0.333 = 0-758 
3 1 3 

c a 2 ~ S _ 0-5 - °-?5g , -n-snB 

2 - (a 2 ) 2 0.758 - (0.5) 

- (^hr) c 2 ’ (o^tsb) <«■*»> * 




0 


Modified K (symmetrical load) = K(l - C.O.) = 67.0(1 + 0.340) - 89*7 
e. Constants for Moment Distribution--End Spa ns (Par. 9-Q4)_l. 


a = 1, a g = 0-5> = °‘333 

S = ( 6 A 6 ^) 2 : 2 - = 0.959 
(24.0) 25.8 

a^ = 0.959 + 0.333 = 1.292 


c „ _^Lgl1^92 = -0.760 


0. 


2 1.292 - ( 0 . 5) 2 


, _ ( 1.292 __ 

"1 ■ \ 0.5 - 1 . 292 , 


(-0.760) = +1.240 


K - Lgi2 

K - - T - 


(Ist 


465 \ _ 


0 


= 83.6 


- uiH - -°' 613 


± • — 

Modified K (end span) = K [l - (C.O.) 2 ] = 83.6 [l - (-0.613) J - 52.1 
(pinned support at end of span) 


f. Analysis 


of pee-p Beam Using Moment Distribution (Far. 9-04)y 


FEM 


end 


= 1/12 ul 2 = 0.0833(25.l)(24.or = l, 200 ft-kips 


JEM + = 0.0833(25.1)(36.Or = 2,700 ft-kips 

center 
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-0.613 [83 6 

67.61 -0.340 167.0 

89.7|.. .! 

-1200 +1,200 
+ 1200 -737 

+980 

-2,700 +2,700 

m* 7 — X 2 I 

-2700 

+ 244 

+27 

+35 - > H 2 

+ 7 | 

+ 1 

+ 1 +2,449 

-2,449 ft-klp* 

+1,470 

-1,470 ft-kips | 


Symmetrical About 4 



239.8 kips 


1,470 ^ ^1,470 


Symmetrical about 


2,449 ^ ^ 2ft49 



t6l.2«^«6I.El t 27.2 = ^ ' 27.2 I 

| 301.0 301.04 |452.0 452.0^ |452.0 

239.8 kips 787,0 klp» 931.2klpg 


g. Shear Strength. 
Shear strength (roof): 


SHEAR DIAGRAM 


1,140 ft-kips 


-479.2 
2J20 ft-kips 


US 20 ft-kips 


-1,470 ft-kips y 

BENDING MOMENT DIAGRAM -2,449 ft-kips 


max shear _ 479-2(10)^ 


roof area 


129 psi <0.10 f^ c = 390 psi, .‘. OK 


Shear strength (wall): 

max reaction 931-2 ,~ ~ 

V ~ wall area “ 0.83(4 b!o) 144 ~ 161 psi 0,10 f dc 

= 390 psi, .*. OK 

h. Steel Required for Bending. Maximum moment = 2,1+49-0 ft-kips 
d _ 47Ql (from bending moment diagram in 

r === ■ " == = .«" =—uh, par. 9~l8f above). Assume this to be 

- 4 _ _ 4 _ resisted entirely by steel placed 

within roof at front and back edges. 

a M_29+49_, ™ 2 


A = ~r 
s f. d 

iy 


!.0) 47-0 


= 1.00 in. 


Use three $6 bars 
A g = 1.32 in . 2 
So = 7-1 in. 

V 479 2 ( 1 000') 

U “ Zojd = 7 . 1 ( 0 . 875 j 47(12) = 13 ^ psi < psi = °' 15 f c 


i- Floor Slab Analysis. Since the reaction from the shear wall 
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deformation cannot be resisted 
completely by frictional force 
under the shear vail and earth 
pressures immediately behind the 
shear vail, it vill be necessary 
to transmit the net force into 
the floor slab. 



j• Loads on Floor Slab. In 
order to determine the magnitude of 
shears and moments in the floor slab 
an equivalent uniform load vill be 
considered to act along the rear of 
the slab. 

The net force acting on the 
floor slab is obtained by subtracting 
from the shear vail reactions the frictional force at time t = 0.040 sec 
(the maxi mu m shear vail reactions occur at this time). 

Frictional force on base of shear vail at time t = 0.C40 sec (see 
table 9.24) = 0.75(2.5) 48.0(0.909 + 4.07) = 448 kips. 

Wet shear vail reactions upon floor slabs: 

End shear vails 239*8 - 448 kips* = 0 

First interior shear vails 787*0 - 448 kips = 339*0 kips 

Center shear vails 931*2 - 448 kips = 483*0 kips 

* It vill be assumed that the net force applied by 

the end shear vail to the floor system vill be zero 
because the earth reaction on this end vail vill 
not exceed the shear vail reaction. 

Assuming a distribution of uniform load for each half span on 
either side of the shear vail equal 
to the net force on the shear vail 
results in the following loading: 

= 11.30 kips/ft 


.+ 3'5' j = 13 Ao kips / ft 
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204 kiDs 


241.Skips 24l.5kips 








-24l.5kip$ -241.5 kips 
SHEAR DIAGRAM 

k. Steel Required for Bending. 
. _ M_1,145 « > * 


-i;45ft-klps y45ft-klps 
MOMENT DIAGRAM 


A _ M 1,145 „ , „ 

A s f d “ ("525 47.0 “ sq in * 

Use one #7 "bar, A = 0.60 sq in. 
s 


Eo = 2.7 in. 


1. Shear Strength and Bond Stress. 

Bond check u = « ^j^/ 000 ) = 181 psi < 450 = 0.15 f 1 

ZoJd 2.7(f) 47(12) 


Dowels for shear. At the intersection of shear wall and floor' slat, 
a maximum shear of 241.5 kips must be resisted. Since it is desirable to 
maintain integral construction of shear wall from top of footing to roof 
slab, it is necessary to design dowels to transmit this force across the 
construction joint. 

Assuming the ratio of static yield stress in shear to yield stress 
PI 

in tension of (par. 4-03d), the steel necessary per foot of slab 

24] 5 ? 

equals 7 pi .r—^ - = 0.20 in. /ft 

(^(saxvr) 

Use #4 at 12 in. for dowels. (A = 0.20 sq in./ft) 

9“IT WALL ANALYSIS (Deep Beam Action). As the result of the overturning 
action of the structure there will be a shear force at the intersection of 


1 exterior wall and shear wall. In 

°T Foundation ^ a Gravity load 

b| !*=■:; '° n vj,t b. static gravity load son reaction order to determine the critical loca- 

1 Front Bock 4 

■ t C. Overturning soil reaction tion Of this force (front Or back 

t 0 . Initial force for positive overturning 

*e.Bios?ioad 0 " wall) and its magnitude an analysis 

t f. Soil pressure from blast load Tr iii -u^ _-t n _ 

be made below. The shear forces 
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and their direction acting on the shear -wall are shown in the sketch on 
the preceding page. 

These values will he computed and tabulated in order to determine 
•which wall will be critical (front or back). It is necessary to first 
compute the mass and centroid of wall 
section being considered so the iner¬ 
tial force may be determined. 

a. Computation of Mass and 
Centroid Location of 24- ft Section of 
Exterior Wall. 



Table 9.25. Location of Centroid of Exterior Wall Section 



Volume 

ft 3 

m 

7 

my 

Slab 0-5u( 19 2 1 ^ ) 12.0 

Column 1.0 (l.O) 12.17 

Wall 0.83 (13.69) 23.17 

Concrete footing 2.5 (O. 83 ) 23-17 
Column footing 2.67 ( 1 . 67 ) O .83 

Girder 1.33 ( ^*5 

Slab 12.0 (3-0) 0.54 

62.0 

12.17 

263.50 

48.00 

3.70 

19.15 

19.40 

0.298 

0.057 

1.230 

0.224 

0.017 

0.089 

0.091 

19.17 

4 

2.0 

o.4i 

1.25 

2.09 

19. IT 

4 

2.0 

1.430 

0.114 

0.504 

0.280 

0.036 

0.426 

0.182 

427.92 

2.006 

2.972 

y = HI = 

Weight of 24-ft wall section = (427-92)(0.150) = 64.0 kips 
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Table 9.26. Tabulation of Forces on Shear Wall from 24-ft Exterior Wall Section 


a. Gravity load, 64.0 kips 

b. Gravity load soil reaction (table 9*24) = O .909 £(24.0) 2.5 + ( 2 . 67 ) I. 67 J = 58 .60 
kips 

c. Overturning soil reaction multiplied by footing area. Pressures from table 9.24-. 
Area = (24.0) 2.5 + ( 2 . 67 ) I .67 = 64.45 ft 2 

d. Inertial force = mra = 2.006 (24.0 - 1.44)a = 46.4a (a from table 9.22) 

e. Blast load, depends on time (table 9 . 3 ) 

1 'V edge of slat, [l/ 2 ( 2 ) = 1 "b" edge] 

2 "a" edges of slab _ 

0.20 (direct load on wall and girder = jl.O( 9 . 5 ) + 0 . 83 ( 24 . 0 )] = 0.20 

p ) 
roof' 

f. Soil pressure from blast load multiplied by footing area (64.45 ft 2 ). (Pressures 
from table 9-24.) 


'Forces 

\(kips) 

t \ 
(sec) \. 

0 

0.0025 

0.005 

0.0075 

0.010 

0.0125 

0.015 

0.0175 

0.020 

0.0225 

0.025 

0.0275 

0.030 

0.0325 

0.035 

0.0375 

0.040 

0.0425 

0.045 


!- 

a 

b 

c 

64.0 

58.60 

0 

64.0 

58.60 

0 

64.0 

58.60 

1.3 

64.0 

58.60 

3-9 

64.0 

58.60 

9-7 

64.0 

58.60 

20.0 

64.0 

58.60 

35.4 

64.0 

58.60 

56.8 

64.0 

58.60 

83.2 

64.0 

58.60 

113.0 

64.0 

58.60 

143.0 

64.0 

58.60 

170.0 

64.0 

58.60 

193.0 

64.0 

58.60 

209.0 

64.0 

58.60 

224.0 

64.0 

58.60 

232.0 

64.0 

58.60 

235.0 

64.0 

58.60 

234.0 

64.0 

58.60 


1 "b" 2 "a" 0 . 20 P 

edge edges 1 


0 

2.40 

6.27 

12.68 

21.58 

32.05 

42.55 

51.80 
58.40 
62.05 

64.80 

87.60 

71.60 

73.30 

86.70 

91.30 
93-20 

94.80 

95.70 


0 

2.34 

5.84 

11.38 

19-84 

27.68 

36.04 

43.36 

49.50 

52.90 

55-40 

57.80 

61.80 

67.60 

74.60 
78.40 
78.00 
81.20 
82.04 


0 

4 .o 6 

12.35 
24.42 
41.92 

60.35 
79.32 
96.02 

108.9 

116.07 

121.4 

146.8 

134.9 
147.61 
163.03 
171.42 
170.89 
177.67 


Net Net 
Front Back 
Wall* Wall** 


0 

9-7 

22.6 

41.2 

65.O 

92.0 

118.0 

142.5 

159.0 

174.0 

184.0 

195.0 

210.0 

228.0 

250.0 

260.0 

262.0 

266.0 


* (a + c+ d + e- b-f) 

** (b + c+ d + f- a- e) 
t Maximum 
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b. Determination of Maxi¬ 
mum Vertical Force on Walls. The 
maximum net vertical force occurs 
at the back wall at t = 0.040 sec 
from table 9-26. In order to de- 



Shear Waif Reactions 


Column Loads 


Soil Pressures 


termine the maximum shear and moments in the wall a moment distribution 
will be performed rising properties obtained below, 
c. Properties of Wall Section. 

Z99 . Rear Wall. Computation of I and Area 

—-C-j— b' = 4t + b = 4(0.54) + 0.83 = 2.99 ft 

0 . 54 ': 

7 36 * 

(2.16)0.54(0.27) + (0.83)13.67(6.84) + (2.5)0.83(14.08' 
? , 3 . 67 - 7 " 2.16(0.54) + 0.83(13.69) + 2.5(0.83) ' 




lO7.ll 


7.36 ft 


A w = 0.83(14.50) = 12.00 ft 

I = (1/12) 2.16(0.54) 3 + (0.54) 2.16(7.09) 2 + (1/12) 0.83(13.67) 3 + 
(I1.32)(0.52) 2 + (1/12) 2.5(0.83) 3 + (2.08)(6.72) 2 = 0.0283 + 
58.4 + 1,762.0 + 4.22 + 0.143 + 93-6 
I = 1,918.3 ft^ 

d. Constants for Moment Distribution--Center Spans (Par. 9-04). 
a l = a 2 = a 3 = 0, 333 


t 2 a G 

L A 
o 


= 0.272 ; E/G = 2.2 

(36.O) 12.0 


a^ = + a 3 = 0.272 + 0-333 = O.605 

c . . .- 0^- 0.605 . = _ 0<296 

a n a' - (a 0 ; 0.605 - (0.5) 


a 2 “ a 3 


(0 .fffm) ( -°- 296) - 1 -f° 3 


C 1 T o 1.703 /l,9l8\ _ ™ ^ 

ttl = "t to - 2216 
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: -0- =7^ = Z T : ^I= -0.174 


1.703 


Modified K (symmetrical load) = K (l - C.O.) 

= 22.6 (1 + 0 . 174 ) = 26.5 

e. Constants for Moment Distribution—End Spans (Par. 9 - 04 ). 
a 1 = 1 , a 2 = 0 . 5 , a^ * 0.333 

S = hi _ o.6lO } E/G = 2.2 

( 24 . 0 ) 12.0 

a^ = 0.610 + 0.333 = 0.943 

. _oj L- , 0.943 = _ 0 . 64o 
0.943 - (0.5) 


c i " (0.5 -^0^943) = 

K ,i^o(^ie ). 27 . 2 

c -°- - “ -°-^7D 


Modified K (end span) = K [1 - (C.O.) 2 ] = 27.2 [l - (- 0 . 470 ) 2 ] = 21.2 
f • Load on 24 -ft Span of Wall. (Time = 0.040 sec) 

Concentrated load: 

Column load: Slab 62.0 ft 3 concrete 

(gravity) Girdei 19-15 

Column 12.17 


93-32 ft 3 (0.150) = 14.0 kips 
("blast) 1 "b" edge (from tat>le 9-26) = 93.20 


directly on girder 


144(9.5) 1.0 P 


roof 


1,000 

= 0.067(8.45) = 0.56 


Total load on column 107•76 kips 


Assume attached column footing pressure as a concentrated load to 
"be subtracted from concentrated load on column. 

Area footing = (2.67)(1.67) = 4.40 ft 2 

Net soil pressure at t = 0.040 is 8.63 ksf (table 9 . 24 ) 
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Upward pressure under column = (4.4o)(8.63) = 38.00 kipS 
Net concentrated load = 107.76 - 38.00 = 69.78 kips 
Uniformly 1 distributed load: 

Soil pressure = (8.63)(2.50)(24.0) = 520.0T 

Gravity load = 64.0 - l4.0 = 50.0 i 

Blast load = 2 "a" edges + (1.69 - O.56) = 77*1 i 

Inertial force = 4-9.6 I 

Net uniform load = 343 * 3 kips t 


g. Analysis of Deep Beam Using Moment Distribution. 
Fixed-end moments for 24-ft span: 

Unif FEM = — WL = = 686 ft-kips 

Cone FEM = tt = = -209 ft-kips f I I T— 

OO $ Total Uniform I 

Net FEM = +477 ft-kips 
Fixed-end moments for 36-ft span: 


, 69.76 kips * P 


Total Uniform Load =343 kips *W 


Unif FEM = 35 ^ = 


,69.76 1 69.76 

L b=241 


Cone FEM = 


P Eat 2 + a 


i^b] 


= + 1,542 


j Total Uniform Load~ (343) = 515 ^ = Pab = 69-76(12) 24 = _^ ft -kipS 

L 36 

Net FEM = 1,542 - 557 = 985 ft-kips l62 . 5 ^ 66 


-0.470 (242 22X51 

-0.174 

P2276 2631 

+477 -477 +985 


-985 +985 

-477~***+224 
^0 -354 -378 

_^ 

+66 

msasi . >< * J - 

-2-3 

- 

-30 -36 

-609 *609 


-949 +949 


59.8/ A / 

A/ -6.8 / ^ -15.6 

[ 7-996 A/ +25.3 A/ 

V /76.6 / 8 5.4 

— II 1.7 kips [/ / 

4 . 2 ' -' 778 5 . 4 - - ,872 6.(7 

17 . 8*1 f | 11 . 4 ) | 12 . 0 *|. >| 6 . g | 12 . 0 ' | 12 . 0 * | S _ 


SHEAR DIAGRAM 


69.76 69.76 69.76 69.76 

I 609 949 I 

-4-) (- 1 -4-) (-L. 

f 25.4-^25.4/ S9.4«t^9 S 9.4| ' V 
f 34.4»§^fi.,34,4| f 69.8 69i8t i 69.8 

+ l7l.5-2~-l7l.5j |257*S1§. 257 J J 257 

III.7 162.5 177.8 196.6 187.2 

340.3 kip* 383.Skips 



710.5 

BENDING MOMENT DIAGRAM 
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9-17h 


h. Shear Strength. 

Maximum V = 196.6 kips (hack -wall) 


v 


V 196.6(1,000) 
bjd (0.83)13^5(144) 


= 122 psi < 390 


0.10 f! 

dc 


OK 


Maximum reaction = 383*8 kips (shear vail) 


v = 


v _ 383.8(1,000) 

bjd "(0.83)13.5(144) 


= 237 psi < 390 = 0.10 f^ c 


.'. OK 


i. Steel Required for Bending. 

Maximum moment = +949 ft-kips (depending upon direction of blast) 


a _ M _ (949.0) _ . oc . 2 

A s f d 52 ( 13 [ 50 ) 1,35 in ‘ 

At top and bottom each 3 #6 bars, A = I .32 in.' 

t s 

£0 = 7*1 in. 


U Zojd 7 . 1 ( 0 ^ 875 ) 13 . 25 ( 12 ) “ 200 psi< 200 < 1150 “ 0,15 f c 0K 

The steel requirement for other sections of the vail can be deter¬ 
mined in proportion to the moment, as indicated in the moment diagram on 
page 93 . 

9-18 FINAL DESIGN OF SHEAR WALLS, a. Investigation of Moment and Shear 
at Opening - Interior Shear Wall. Using the results obtained from the 
moment distribution analysis (par. 9~l4) and the dynamic sliding and over¬ 
turning analysis (par. 9 - 15 ) the moment and shear in the vail at the top 
and bottom of the opening for the maximum lateral shear vail deformation 
vill be determined. 

b. Top of Opening (Member AB, Par. 9-l4p). 

Moment = 1.17(l0 ) 6 ft-kips/ft of deflection (par. 9-l4i) 

Maximum deflection = 235.9(lO )~ 5 ft (table 9 . 23 ) 

Ratio of actual maximum load on vail (from roof deep-beam slab 

analysis) to assumed load on vail (uniformly distributed for rigid 
body assumption) = = 1.149 
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Maximum moment at end of member AB = 1.17(10) 235*9(10)”^ (1.l-U-9) 

= 3,165 ft-kips 

Moment at face of opening = ~~ * g ( 3 , 165 ) 


= 715 ft-kips 


A * —— 
s f. d 
<3y 


715 

52(3.5) 


= 3-92 in.' 


Use 4 $9 bars in two rows (A o = 4.00 in. 
4.00 



s 


p = (-]q) = 9*90952) at both top and bottom of lintel to resist mo¬ 
ment due to blast from either side of building. 


2 moment 
span 


Shear throughout member (considering end moments only) = 

* 2 3 ■ 2<A 

. . V 204,000 

Shear intensity v = = 3 _ ' o( f/EJ 4 5 = ^9 psi 

Using stirrups, allowable shear stress = 0.04 f^ + 5,000p + 
rf y (eq 4.24) 

519 = 0.04(3,000) + 5 , 000 ( 0 . 00952 ) + r(40,000) 

"-^foTo^- 0 - 008 ^ 

Web reinforcement = r(l0)l2 = 0.00878(10)12 = 1.055 in. /ft 

p 

Use U stirrup #5 at J in. (A = 1.06 in. ) throughout lintel. 

s 

c. Bottom of Opening (Member CD, Par. 9~l4h). 

Moment = 1.28(10) ft-kips/ft of deflection (par. 9-l4i) 

Maximum deflection = 235*9(10) ^ ft (table 9*23) 

Ratio of loading on wall = 1.149 

Moment at end of span = 1.28(l0 ) 6 235*9(lO )" 5 1.149 = 3,475 ft-kips 
Moment in member at face of opening = (3,475) = 782 ft-kips 


A s “ f 


M 


dy 


782 ^ , 
52(2:5 0y = 6 “° in ' 


Use 6 #9 bars in one row (A g = 6.00 in. 2 , p = = 0 . 0067 ) at 
both top and bottom of member to resist moment due to blast from either 
side of building. 

Shear throughout member (considering end moments only) = — p n — 
= = 224.0 kips 
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9-l8a 


Shear Intensity r - ^ . 258 p3i 

Allowable shear stress = 0.04 f + 5,000 p + rf (eq 4.24) 

258 = 0.04(3,000) + 5,000(0.0067) + r(4o,ooo) 

r = • 5 - n 

40,000 “ °* 00262 

Area of shear reinforcement per foot of beam = 0.00262(30)12 
= 0.944 in . 2 

Use U stirrups #5 at 8 in. (A g = 0.94 in. 2 ) 

^* Investigation o f Moment and Shear at Opening - End Shear Wal 1 ■ 
Ratio of actual maximum load on wall (because of deep-beam roof slab ac¬ 
tion investigation) to assumed load on wall (using shear wall stiffnesses 
and deflection from dynamic overturning and sliding analysis) = 2 ^9• 8 
= 0.720 which is less than 1 . 0 , therefore use f ull ratio, 1 . 0 . 333 ‘° 

e - 'lop of Opening (Member AB. Par. 9-l4g). 

Moment — 1.02(10) ft-kip/ft of deflection (par. 9—l4r) 

Maximum deflection = 235.9(l0 )" 5 ft (table 9 . 23 ) 

Moment at end of member = 1.02(l0 ) 6 235-9(lO )" 5 = 2,400 ft-kips 

Moment at face of opening = Ag (2,400) = 496 ft-kips 


A =~ 

s V 


496 

52(2.50) 


= 3-82 in.‘ 


Use 4 #9 bars in two rows, A g = 4.00 in. 2 , p = = 0.0133 

at both top and bottom of lintel to resist moment due to blast from either 
side of building. 

Shear throughout member = ■— ff . Qmen , l = 2 (2,400) _ g 

span 29.O “ ■ L0 ->0 Kips 


Shear 


intensity v - ^ - h 23 


psi 


bjd 10(7/8)45 
r intensity = 0 j 

423 = (0.04)(3,000) + 5,000(0.0133) + r(40,000) 

r * - °-°°» 2 
Web reinforcement = r(l0)l2 = 0.710 in. 

n., 

96 


Using stirrups, shear intensity = 0.04 f' + 5,000 p + rf (eq 4-24) 

y 


Use U stirrups - #5 at 10 in., A g = 0-74, throughout lintel. 
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f. Bottom of Opening (Member CD, Par. 9-l4n). 

Moment = 0.89(10) ft-kips/ft of deflection (par. 9-l4r) 

Moment at end of span = 0.89(l0)^(235-9)(l0) ^ = 2,100 ft-kips 
Moment at face of opening = £575 ( 2 > 100 ) = 434.0 ft-kips 


A -JL 

S v 


Jg!i r - = ^ lE 
52(2.50) 3 ‘ 34 


Use 8 #6 Bars in one row, A g = 3*52 in. 2 , p = (30^30 ~ 0,0 °39> at 
Both top "bottom of member to resist moment due to "blast from either 

side of "building. 

, 2 moment 2(2,100) _ i, c A 

Shear throughout member = —— = 29.0 “ - L4 ' 3 ' u 

V 145.0 n ^rr A 

Shear intensity y * ^ = 3 q( 7/8 J3 3 = lbT ' U P 


Allowable shear stress * 0.04 f^ + 5>000 p + rf^. (eq. 4-24) 
(without stirrups) * 0.04(3*000) + 5^000(0.0039) 


= 139-5 psi 

167 > 139.5 use stirrups 

rf = 167.O - 139-5 = 27-5 

257550 - °- 00138 


y 

r = 


Area of shear reinforcement per foot of beam = 0.00138(30)12 - 0.497 
Use U stirrups #4 at 9 in., A g = 0.54. 


g. Shear Panel Reinforcement. Each shear wall is divided by the 
corridor opening into two shear wall panels jointed together at the open¬ 
ing. The shear wall reinforcement is calculated using the width and 
vertical span of the individual shear wall panels rather than the entire 
shear wall. In the dynamic overturning and sliding analysis the maximum 
cracking resistance of the shear walls was not developed. Hence the shear 
panel steel will be selected to give an ultimate resistance equal to the 
stress developed in the dynamic analysis. 

h. Interior Shear Walls (Par. 9~l4b). 

Vertical span of shear panels = 11.71 ft = H 
Width of shear panels = 20.5 ft 


97 



EM 1110-345-419 
15 Jan 58 


9-161 


Length, center to center of vertical edge steel = 20.5 - 2 
= 18.5 ft = L 

Maximum total shear vail resistance (par. 9-l6h and f) = 931.2 kips 
Maximum shear per panel = 931.2/2 = 465.6 kips = R 

du 

Use minimum steel uniformly distributed in v ail , #3 hars at 9 in. 
center to center, each side, each vay, A g = 0.30 in. 2 /ft, 

p = 0.0025 

Refer to equation (4.55) 

P = f dy pt(H + L) = 52(0.0025) 10(11.71 + 18.5) 12 = 471 kips 
P/R du = 471/466 =1.01 

From figure 4.36, P/C = 1.60, C/R du = O.63 
Req/d C = O.63 R^ = 0.63(465.6) = 293 kips 


C = A f I 
s dc 




15 + 1-9 


= 293 = A g (3.9) 


15 + 1 


•>fe) 2 ] 


Reti'd A g (vertical edge steel) = — = 3.So in. 2 


Use 4 #9 bars as edge steel for shear panels, A = 4.00 in. 2 
i* End Shear Walls (Par. 9-l4k). 

Vertical span of shear panels = 11.45 ft = H 
Width of shear panels = 21.0 ft 

Length center to center of vertical edge steel = 21.0 - 2 
= 19.0 ft * L 

Maximum total shear vail resistance (par. 9-l6b and f) = 333 kips 
Maximum shear per panel = 333/2 = 167 kips = R 

du 

Use minimum steel unifomnly distributed in vail. Vertical steel is 
already present for bending under normal to plane of vail. 

Use #3 bars at 9 in. center to center, each side, horizontally, 

A s = 0.30 in. 2 /ft, p = 0.0025 
Refer to equation (4.55) 

2 — 52(0.0025) 10(11.45 + 19.0) = 398 kips 

P/R du = 396/167 =2.37 

From figure 4.36, p/c > 3, C/R^ * O.55 

C - V3.9)|l5 + l-9^n = U 0.55(167) - 91.8 kips 
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Req.'d A s (vertical edge steel) = ' 3 g(2Ch2^) ' ~ in * 2 

Use 2 #7 "bars as edge steel for shear panels , A = 1.20 in. 

s 

9-19 DESIGN SUMMARYo Figure 9.22 shows the location of the various ele¬ 
ments that were designed in this example. Sections of the various elements 


E 



E B 

Figure 9.22. Locations of designed sections 


are shown in figures 9«22a through 9*22e to indicate the final design. 
References are given on each section to the paragraphs where each design 
is first presented. The steel reinforcement is not shown In detail he- 
cause the example is limited to the principle design considerations. Only 
the main structural, reinforcement as computed in the design calculations 
is illustrated. 


4 No.9(parJM8b) 

No 4 at 4" ( par. 9-09p) 


-U Stirrups No.5 at 7" (par. 9"l8b) 
ldh-4 No. 9 (par. 9-18 b) 



No.4 at 4 m (par.9-09p) 

.4 No.9 (par.9-l8e) 

U Stirrup* No. 5 at 10“ (par.9-l8e) 
4 - No. 9 (par. 9- I8e) 



Dowels No.4 at 12" (par.9-l6t) 


6No. 9 (par. 9-l8c) , _ , 

U Stirrups No. 5 at 8 (par.9-l8c) 

6 No. 9 (par. 9-l8c) 


Dowels No.4atl2" 
(par. 9 


No.6 (par. 9-l8f) 

-U Stirrups No.4at9 M (par.9H8f) 
-8 No.6 (par. 9- I8f) 


Figure 9.22a. Section A-A of figure 9.22 


Figure 9.22b. Section B-B of 
figure 9.22 
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6 N 0.6 
(par.9-l6h) 
(par. 9-17 i) 


rNo.4 at 8"(par.9-09i) .No.4 at4' 



/9 No.5 
(par. 9-101) 

0 . 4at 4"(par 9-09i) X No.4at 4“(par.9-09p) 

—x. z . y m, 1 ' 




8 No.II (par.9-IOd)^ U Stirrup 

No. 5 at 3-1/2” 

No.5 at 3-1/2 (par. 9-IOf) 

No.6 at 3-1/2"(par.9-12e) 


U Stirrup 
No. 5 at 5" 
(par. 9-10-t) 

Symmetrical! 
about 


Figure 9.22c . Section C-C of 
figure 9.22 


>:JrNo.6at 3-1/2”(par. 9-12e) 
No.6 at 7” 


r No. 3 at 9" both ways No ^' 


lys °\ 


'4 No.9 Vertical Edge Steel- 


4 N 0.6 
Column 1 
Steel I 
(par.9-1 1 b) 


JyL. Note: End shear wall reinforcing similar except 

vertical edge steel is 2No.7 instead of 4 No.9. 

Symmetrical 

about^j 



Figure 9.22d. Section D-D of 
figure 9.22 


Figure 9.22e. Section E-E of 
figure 9.22 


DESIGN EXAMPLE - TWO-STORY SHEAR WALL BUILDING 


9-20 GENERAL, a. Statement of Problem. The design of a windowless 
two-story reinforced concrete shear wall building is presented to 
illustrate the principles discussed in paragraph 9-04 to 9-07. The 
plan of the building is shown in figures 9.23 and 9.24. Typical sec¬ 
tions through the building are shown in figures 9.25 anri 9.26. The 
roof construction is identical with that of the one-story shear 
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«/ _ 

£ £ 


U?J 


B |_ || II Up wjfl_j 0 ° Figure 9.24. Typical foundation 

i -j 11_Mil—_ + arrangement 

lOl^L t l0 ^ = T l! -*| J 9 " “ £ 

'■ _ij l_ ^_wall example presented previously, 

2'-d. j^_ ji j n _*j | having a .two-way slat over the 

dp ~ =r 0 office areas and a one-way slat over 

- 20 ' 0 "» |‘ 8 '' 0 » |« 2Q ''°" -^ the corridor. The location of the 

_ 48-0" _* 

** ~~ n shear vails vas chosen ho suit "the 

Figure 9.23. Plan of two-story reinforced functional requirements of the 

concrete shear wall building - - 

"building. The second floor slab 

is supported hy girders similar to the roof. The design of the second 
floor m em bers is not presented since they need he designed for the conven- 
tional floor loads only. 


Figure 9.23. Plan of two-story reinforced 
concrete shear wall building 




Figure 9.25. Section A-A of figure 9.23 
at shear wall 


Figure 9.26. Typical section B-B of 
figure 9.23 


The air blast incident overpressure vs time curve which the building 
is designed to resist is plotted in figure 9-27- The air blast may approach 
the structure from any direction. The shock front is normal to the ground 
surface. The peak air blast overpressure is 10 psi and the duration of the 
positive phase is 0.71 sec (fig• 3*10)• 
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The strength properties of the materials to be used are given 
Intermediate grade reinforcing steel and a 3,000-psi concrete are to be 
specified. A 30 percent increase in strength is used ecause o 
namic character of the applied loads, The notation used is that in ro nee 

in EM 1110-345-414. » notei that the ^^345-414 

this example do not agree with the values recommended in EM 111 -3 5 

The latter should be used for current projects. 


f = l+O.OOO psi 

y . .6 , 

E = 3(10) P si 


f dc = 3,900 psi 
f' = 3,000 psi 
n - 10 


f = 52,000 psi , , 

The structure is to be located upon a compact sand-gravel m ure 

having the following properties (par. U-15). 

No rmal load-bearing capacity = 10 kips/sq ft 
Ultimate load-bearing capacity = 30 kips/sq ft 
Modulus of elasticity = ^0,000 psi 
Coefficient of friction (soil on soil) = 0.75 
Coefficient of friction (concrete on soil) = 0.75 
Dnit weight of soil - 100 lb/ft 

Normal component of passive pressure coefficients Kp0 = 
b Design Procedure. Tbe design of the structural elements 
complished in the follow!^ order in accordance with the procedures pre 

sented in paragraph 9-07- 

9-21 Design of Roof Slabs and Roof Girders 

9-22 Column and Column Footing Design 

9-23 Wall Slab Design (Maximum Normal loading) 

9-24 Rigid Body overturning and Sliding Analysis 
9-25 Determination of Shear Wall Resistance Functions 
Q-26 Shear Wall Analysis 

9-27 Simultaneous Dynamic Overturning and Sliding Inves ga ion 
9-28 Roof and Floor Slab Design (Deep Beam Action) 

9-29 Wall Analysis (Deep Beam Action) 

9-30 Final Design of Shear Walls 

9-21 m B00F mi: *• vertical Bla jrtlg;^ 
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Roof. The direction of travel of the air blast wave is assumed to he 


1 


normal to either wall of the building to determine the critical load for 
all elements. Paragraph 3-09 indicates the variations in roof loading with 
direction of the blast wave by the use of zones where: 

Zone 1 indicates full incident blast wave overpressure. 

Zone 2 indicates slightly reduced incident blast wave overpressure. 

Zone 3 indicates greatly reduced incident blast wave overpressure. 

With the direction of travel of the blast wave normal to the long 
dimension of the building, it is apparent that the roof loading in the end 
bays (Zones 1 and 2) is greater than in the center bays (Zone 3)> and the 
end roof panels are critical. However, with the air blast wave traveling 
in the direction normal to the short dimension of the building, the maxi¬ 
mum loading (Zone l) exists over the entire roof. Therefore, the roof 
slabs must be all designed to carry the Zone 1 loading which is the full 
incident blast wave overpressure illustrated in figure 9*27* 

For the portion of the roof designed as a series of two-way slabs, 
it is necessary to consider the total load on each slab. The total load 
for a typical slab is obtained by using the average Zone 1 pressure on the 
slab computed as explained in paragraph 3-09® • This average overpressure¬ 
time curve is plotted in figure 9-28. 

For the portion of the roof designed as a one-way slab, it is neces¬ 
sary to consider only the instantaneous pressure on a one-foot strip of 
slab using the local Zone 1 overpressure-time curve (fig. 9*27) • 

It is important to note that the average blast loading over the en¬ 
tire roof surface which takes into account the reduction of overpressure in 
Zone 3 (fig. 9-29) is used in the foundation design and overturning and 
sliding analysis because it gives the average total load on the roof. To 
assume that the average Zone 1 loads act over the entire roof would not be 
realistic for the sliding analysis because the total load and therefore th.e 
friction would be too great. 

b. Design of Two-way Roof Slab. The roof slab design in this step 
is based on only the blast loads normal to the slab. The deep beam action 
of the roof slab acting as a horizontal load-carrying element is temporar¬ 
ily disregarded because the lateral loads cannot be obtained until after 

104 









EM 1110-3^5-^19 
15 Jan 58 



o 

<b 

c/> 


Qj 

E 


CO (O ^ CM O 

Average Zone 3 Roof Overpressure, P r00 f (psi) 


9-21b 


106 


Figure 9.29. Average Zone 3 roof overpressure-time 
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tlie front wall has "been designed. (This will he considered later in para¬ 
graph 9-23.) The design is based on elastic and elasto-plastic action of a 
■two-way slab so that additional capacity to absorb energy will be available 
in the purely plastic range. This will provide a reserve capacity against 
possible overloading of the slab due to the simultaneous deep beam action. 

c. Design Conditions. As stated in paragraph 9-21a, the vertical 
blast load is assumed to be uniformly distributed over the slab. The con¬ 
tinuity of the slab over the girders and walls justifies the assumption of 
full fixity at the four edges of the slab. 

cl. Slab Properties. Since the average Zone 1 roof overpressure is 
the same as in the preceding one-story design example, it will be possible 
to utilize the design in paragraph 9~09±, Revised Slab Properties. This 
consists of a 6-l/2-in. slab with #4 at 4 in. 2o = 4.7 in., A g 
= 0.60 in. 2 /ft 

Negative d = 4 in., negative p = ( 0 . 6 o)/ 4 (l 2 ) = 0.0125 
Positive d = 4.5 in., positive p = ( 0 . 6 o)/ 4 . 5(12) = 0.0111 
Use #4 at 8 in. for positive steel at support and for negative steel 
at center of span for reverse bending resistance. 

The dynamic reactions to be used in the foundation design and over¬ 
turning analyses will be computed in table 9-27, using average Zone 3 roof 


overpressure-time curve (fig. 9*29)* 

e. Reaction Determination by Numerical Int egration. 

Use acceleration impulse extrapolation method (par. 5-08d) 


^ + l- 2y n-*n-I + '4< At) ‘ 


(eq 5-49) 


? n^ K LM m - 


11 11 iA w \ 

At = 0.0025 sec (approximately 1/10 elastic 


Use properties for slab (par. 9-090 


Elastic strain range: 

(At) 2 /K LM m t = (0.0025)^/0.71(0.521) = O.OOOOI69 
y n (At f = O.OOOOI69 (P n - R n ) 

R = k n y = 22,400 y , (y ^ 0.0115 = Y ) 
n 1 n _ 11 1 

P = 29.8 P kips 
n s 

P is obtained from figure 9-29 

V = 0 . 06 P + 0 . 09 R, = 0 . 12 P + 0 . 23 R 

A h 
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9-21e 


Table 9.27. Determination of Maximum Deflection and Dynamic Reactions fo 
Two-way Roof Slab (Zone 3 Loading) 


t 

p 

roof 

P n 

R 

n 

(sec) 

(psi) 

(kips) 

(kips) 



0 0 
0.0025 0.62 
0.005 1-25 
0.0075 1-90 
0.010 2.55 
0.0125 3.18 
0.015 3.80 
0.0175 4.45 
0.020 5.10 
0.0225 5.72 
0.025 6.35 
0/0275 7 -oo 
0.030 7.62 
0.0325 8.30 
0.035 8.60 
0.0375 8.50 
o.o4o 8.45 
0.0425 8.30 
0.045 8.20 
0.0475 8.10 
0.050 8.05 
0.0525 8.00 
0.055 7.92 
0.0575 7.82 
0.060 7.75 
0.0625 7.65 
0.065 7.55 


0 

18.0 

37.3 

56.7 
76.0 

94.8 

113.0 

132.5 
152.0 

170.5 
189.0 
209.0 
227.0 
247.0 
256.0 
[ 253.0 
252.0 
247.0 
244.0 
241.0 
240.0 

238.5 
236.0 
233.0 
231.0 
228.0 
225.0 


0 

1.16 

8.86 

27.35 

56.90 

93.60 

131.0 

161.0 
. 181.0 

189.5 
191.0 
192.0 
199.0 

217.0 I 
246.0 

263.7 

271.9 

277.5 
280.4 
277.4* 

261 . 4 * 

235 . 4 * 


18.46/1 

17.30 

28.44 

29.35 

19.10 

1.20 

- 18.0 

- 28.5 

- 29.0 

- 19.0 

- 2.0 

17.0 

28.0 

30.0 

+ 10.0 

- 10.7 

-19.9 

-30.5 

-36.4 

-36.4 

-21.4 




3 0.000052 
0.000292 
o.ooo48l 
0.000495 
0.000322 
0.000020 
- 0.000304 

-0.000482 

-0.000490 

- 0.000321 

-0.000034 

+ 0.000288 

+0.000474 

+ 0.000507 

+O.OOOI69 

-0.000174 

-0.000336 

-0.000495 

'-0.000590 

-O.OOO615 

- 0.000362 


0.000052 

0.000396 

0.001221 

0.002541 

0.004182 

0.005843 

0.007200 

0.008075 

o.oo846o 

0.008524 

0.008554 

0.008872 

0.009664 

0.010963 

0.012431 

0.013725 

0.014683 

0.015146 

0.015019 

0.014277 

0.013173 



0 

1.12 

3.03 

5.86 

9.69 

14.12 

18.58 

22.46 

25.43 

27.35 

28.55 
29.82 
31.50 
34.30 

37.55 

39.1 

40.0 

40.3 

40.5 

39.3 
37.9 
35.8 

35.4 
35.0 

34.7 

34.2 

33.8 


0 

2.48 

6.51 

13.10 

22.22 

32.80 

43.20 

53.0 

59-9 

64.2 

66.7 

69.3 
73.0 
[ 79.6 

87.5 

91.2 

93.2 

94.4 

94.8 

92.8 

88.2 

83.5 

82.6 

81.5 
81.0 

79.8 

78.6 


* R n ~ + 6>100 (0.015146) - 22,400 (0.015146 - 


- 280.4 + 22,400 y - 340 
= 22,400 y^ - 59.6 
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Elasto-plastic strain range: 

(At) 2 /lC [M m t = (0.0025 ) 2 /0.74(0.521) = 0.0000162 
y n (At) 2 = 0.0000l62(P n - R n ) 

R n - 258 + 6,100 (y n - y e ) 

= 188 + 6,100 y, (y = 0.0115 < y < 0.0620 = y ) 

G Ij. p 

P is same as elastic case 
n 

V A « 0.04P + 0.11R, V fi = 0.09P + 0.26R 

f. Design of One-way Roof Slab. The design of the one-way roof slab 
over the corridor is based on elastic and elasto-plastic action of a one¬ 
way slab so that additional capacity to absorb energy will be available in 
the purely plastic range to act as a safety factor against possible weak¬ 
ening of the slab due to simultaneous deep beam action, (investigated 
later in par. 9 - 27 •) 

The load is assumed to be uniformly distributed over a one-foot strip 
of slab. The continuity of the slab over the girders and adjacent two-way 
slabs justifies the assumption of full fixity at the two edges of the slab. 
By the nature of the one-way action of the slab and the orientation in the 
building, the critical blast load will be the instantaneous loading of a 
one-foot strip with the local Zone 1 roof overpressure vs time curve when 
the air blast is traveling in a direction normal to the end walls of the 
structure. 

g. Design Conditions. One- 1 1 

way slab, fixed at supports, elastic 

a nfl elasto-plastic action, uniformly r _ 
distributed load, equal strength at 
center and supports, Zone 1 loading | 

condition. 

Because Zone 1 loading for this structure is identical with the 
Zone 1 loading curve of the one-story shear wall structure presented in 
paragraph 9 -O 8 , the identical slab will be used. The computations for this 
design are presented in paragraphs 9 - 09 p and 9-°9<l* 

h. Slab Properties. Use t = 6-l/2 in. #4 at 4 in.; So = 4.7 in.; 

A s = 0.60 in. 2 /ft, d = 4.5 in., p = 0.0111. 

Use same positive and negative steel throughout span to provide 
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reverse bending strength for shear wall action. Tension steel only Is com- 

puted in strength and stiffness of slat. 

Under the average Zone 3 loading, for overturning and sliding anal¬ 
yses, the slab behavior is assumed to be static because of its extremely 
short period, hence does not retire a dynamic analysis in order to deter- 


mine reactions. 

i. Design Condition for Transverse Roof Girders^ Simple span T- 

beam, elastic and plastic action. 



uniformly distributed mass and 
roof slab reaction under Zone 1 
loading condition; clear span 

= 17 ft 0 in.; ~ = = 6 

e 

(par. 6 - 26 ). 

j. Girder Properties. 
Since the design loading for the 
girder is obtained from the 
Zone 1 reactions of two-way roof 


slabs, this girder is identical with that designed in detail in paragraph 


9-10d. 

Use 8 #11 bars, A = 12.48 in. , 
s 

£0 = 40.0 in. 

Use #5 U stirrups at in. at ends 

of span of beam. 



k. Design Condition for Longitudinal 
Roof Girders. Continuous span T-beam, elastic and elasto-plastic action, 
unifor mly distributed mass and roof slab reactions under Zone 1 loading 
condition, clear span = 11 ft 0 in. Zone 1 loading for this structure is 
identical with one-story example, hence girder design will be similar 



1. Girder Pro-oerties. Positive steel at 

-—---— 2 

center of span: 6 #6 bars; = 2.64 in. , 

p = 0.0157. Negative steel at support: 9 #5 

bars: A = 2.79 = -^7*6 Use U 

* ® 

stirrups $5 5 in. on each. end. of beam. 
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m . jjaunoh on Tnngl tndlnal M£!: deSlgn ' 

e.wHn.1 girders results In a relatively large shear stress at the in 
tL of longitudinal and transverse girders. The width of the transverse 

girder (16 in.) framing into the longitudinal girder will 

, .. + __ nf the column unless the column dimension in 

this shear stress at the top of the column un 

this direction is a minimum of 1 6 +. -y r " H ".'' 

in. In order not to place this Ti2“ 1 


lower limit on column size a haunch _ 12 " 

will he used at each end of the 

longitudinal girders to receive the -|==|. . "2 

l6-in.-wide transverse girders 

fr aming into them. Haunches 12 in. _ _ «*- 

, . „ along longitudinal girders will be used. The 

along the column and 12 in. along long resist ing shear in a=- 

actual depth of the section will be consrdered as recasting 

cordanoe with ACX Code T02d in reference [9J- conditions 

9-22 COM AM) COM ISCM ggi £2i=Lj f i ®^l^thod 

Axially loaded tied ^^TT^igned in accordance with 

in paragraph 4-11. from tables 9-5 and 9-7, 

h. Design Loading^ Using girder rea ±n 

. i r is determined hy summing the loads shown 
a maximum column load is a 

table 9 * 28 . 

Table 9-28. Column Loads (Zone 1 Loading) 

0. . longitudinal girder reaction at time t (table 9-7) 

Gg - transverse girder reaction at time t (tab e 9-5) } 

G = longitudinal girder reaction at time 0 .0075 

C l ' °1 + + G 3 _ ==== __===^^ 


0 

0.0025 

0.005 

0.0075 

0.010 

0.0125 

0.015 

0.0175 

0.020 

0.0225 

0.025 

0.0275 

0.030 

0.0325 

0.035 

0.0375 


* Maximum dynamic column reaction. 
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Static col umn load: Consists of dead load of roof plus live and dead 
loads of second floor. 

H°Of * I \ //* r \ 

Portion of two-way slat = lly-jpjy-jg/ 1 5 0 / 1 > 000 = kips 

Portion of one-w slab = 150/1,000 - 3-1 M.PS 


Stem of girder = 11(1.5) l? 0 / 1 ; 000 

Col umn load from longitudinal beam 

Portion of two-way slab = -^-(10.83)(0. 54) — q qq 

( 17\ 150 
-g-Jl‘ 33(1-5 ) 3~000 


Column load from roof 

Second floor: . 

Occupancy load = 12.0^>- +-g j 15 * 000 

Dead load: /llX/ g.cA 150 

Portion of two-way slab = ±L\-r-)\ 12/1,000 


it, 1t (hU,5-cA 1§0 

Portion of two-way slab = 11(77"/ y 12/1, 00C 
Portion of one-way slab = LL \2)\ 12/1,000 

-1 c:r\ 


= 2.5 kiP s 


.3 150 

Stem of girder = 11(1.?; 000 


1,000 


/ YJ\ \ 3_5^ 

Stem of girder = J1 - 0 (1 - 5 ) ^ q 

Column load from second floor 


150 

.,000 


= 8.1 kips 

= 7.46 

kips 

= 2.54 

kips 

10.00 

kips 

= 18.1 

kips 

= 2.5 

kips 

- 1.9 

kips 

= 2.4 

kips 

It 

ro 

kips 

= 5.8 

kips 

= 1.9 

kips 


, =17.0 kips 

Column load from second floor 

Static column load (neglecting column weigHt) = l8.1 + 17-0 
= 25.1 kips __ 


* 15.0 lb/ft 2 is taken as the usual^average^occupan^y mem ber-s 

first and second floors o be r i oa i is applicable only for 

were proport ioned for SO lb/ft -^h a6 determined from in- 

a ^ lleS t0 fUrnit "^ 

and people wit bin tbe room. 
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Total maximum column reaction = 265-3 + 25-1 = 29° ^ kips 
Try column 12 in. square 


0 


.8 [0.9(0.85)^ A 0 + A s f dy] (ea 4-2Y) 

L. _ > \ . nr/^ t)i)l 


*n ac ^ ^ J \ 

load taken by concrete = O.8(0. 9 ) 0.85(3-9)^ “ ^ UpS 

use minimum steel, tars, A - W ^ ^ ^ 

Column capacity = 3^1 + 0-oC 1 -^ ' 5 

Use column ties in accordance uith ACI ^oceiure ^ 

C. Soi 1 Press w ee Investigation^ Try 3-Tt in * 

ft- 2 -in. column footing. 

Total force on foundation: _ 2 9 0.4 kips 

Column load (par. 9-22b) = ^.2 kips 

Column weight = 0.15(l) 1 ( 21 5) 

6-in. floor slat over footing - 0.15(3.5) -5(0-5) _ J ^ 

12-in. fill over footing = (0.12)(3-5) 3- _ 2 . 2 klp3 

Footing = 0.15(3-5) 3.5(l-a) ^7^ 

298.1 

Maximum static and dynamic bearing pressure - 3 ^ 5 ! 

* “Wft 2 < 30 kiI3/f * iesa tton tte ultimate load-bearing 

The maximum bearing pressure by 3-ft- 

iapacity of tbe foundation Serial, tberefore tbe 3-« 

6-in. footing is satisfactory. , at face 0 f column 

d. Footing Des_ignr F °° ^ co iumn 

. 2U.Hl.25 ) 2 / 2 - W-l **-“/*■ FOOtM S rltHf footing With 1.5 
. 2b.Ml.25) - 30.5 kips/ft. Determine minmnm, depth of 

percent steel. From paragraph 9-°9e using equation • 

Mp = 0 .688d 2 kip-ft/ft 

ifl . 5 . 0 . 688 d 2 , d = 5.3 in- ^ p . 0 . 0 O 6 

Try lb-in. -deep footing, -1 _ klp -ft/ft 

0.006(52)^(10) 1 1 " 1.70[3*9T J 
> IQ. 1 OK . -- 


29.8 > 19-1 0K , ( 4.09b) - b 50 psi 

Allowable bond stress = 0.15I C iP 

Required So - 3 0.5(l,000)/b50(l2$10) - 0.65 


113 




EM 1110-345-419 
15 Jan 58 


9 - 22 e 


Required A g = pbd = 0.006(12)10 = 0.72 in. 2 /ft 


Use #6 bars at 6 in. each way 
Furnished A g = 0.88 in. 2 /ft, Zo = 4.7 in./ft 

e. Sh ear Strength. Total shear at distance "d" from faces of column 
= 24.4 L(3-5r - (1 + 1.67) 2 J * 125 kips 

Shear stress = 125(l,000)/2.67(4)|(l0)l2 = 112 psi 
Allowable shear intensity (eq 4.24), v = 0.04 f 1 + 5,000 p + rf 
= 0.04(3.0) + 5,000(0.006) = 150 psi 7 > 112 psi C .*. 0K 7 

9 " 23 SL AB DESIGN (MAXIMUM NORMAL LOADING), a. Design Conditions. 

^6 1 / 2 ” Roof siab Spans fixed at second floor and pinned at roof 


-rf* 


n'-o" 

Design Span 


i 

T 


H'-O" 

Design Span 




£ 


lO'-ll 1/2“ 
Clear Span 


t; 


5"Floor Slab 


II*- 


Clear Span 


4 


and first floor; elastic, elasto-plastic, and 
plastic action; uniformly distributed load and 
mass; front wall loading condition; design for 
clear span of 11 ft 0 in. and use for first- 
and second-story walls; \J*- e = a 0 = 6 ; minimum 
thickness * 10 in. 

"k • Design loading. The design load as 
idealized from the computed loading shown by 
figure 9.30 is defined by 

B =45.1 kips 


T * O.O 83 sec 
w _ ?T _ (45.1)0.083 . 

H ~ 2 = ^ 2 - = kip-sec (par. 6 -ll) 

c. Dynamic Design Factors, 

Elastic range: 

K_ * 0.58 

8 m p 3 


r. - -f— 
lm L 

V 1 - 0.26R + 0.12P 
Elasto-plastic range: 

* 0.64 


(Refer to table 6.10. 

i<m * °- 1, 5 

v _ 1B5EI 



Time (sec) 


*IM - °-78 


v a « 0.43E + 0 . 19 P 




in L '“Ps 1 2 M Pm^ 
V » O. 39 R + 0 . 11 P 


Km a 0.50 
k 

ep t 3 


m °* 78 


ll4 



Average from wan c, r f rori | 




Time, t (sec) 

Figure 9.30. Average front wall overpressure vs time curve, P, Rf (see par. 3-08a) 
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9-231 


Plastic range: 
- 0.50 


*M - °-33 


E m - + ***) 

V - O.38R + 0.1PP 
Average values: 

-g °'?° - O.57 

R m * Hs + 

_ 160EI 

d ‘ girst Trial - Actual jfroperties. 

^ “ps * “p* - *p 

Assume p -0.015 (par. 4-10) 

Let a p = 6 (par. 6-26) 

Assume C R — 0.90 (experience) 


— va-.. 

m R 


C r B » 0.90(45.1) * 40.6 kips 


“p - v ji 


(1 - Jf *y. ) 

V J 


(eq 4.16) 


\ ac / 

,<p " !^ 5 ( 52 Kl) 3 Lg " "T?7?3^0 " 0 ' 688 d2 klp - ft < d in inches) 

\ - T* - - *0.6 /. d - 7-35 in. 

Since the minimum wall thiekn<=c?=! ^ in +v, 

J ” L tnic *raess is 10 in. the percentage of steel 

can he reduced to give the desired resistance. 

Letting Mp s - and considering the center section 

12^ 

R m * ~ 3 4 °* 6 «= 37.2 kip-ft 

Assuming #5 bars 
d * 10 - O.75 - 0.31 * 8.94 in. 


“to - p( 52 )( 1 )( 8 . 94) 2 [1 - 

Try p « O.OO97 at center 

M^ - 0.0097(52)(1)(8.94) 2 [1 - £ 


* 37-2 .*. p 0.01 


'•0097(52: 

1-7(3-9) 


* 37-2 kip-ft 
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12M Pm 12 ( 37 - 2 ) s , . 

—_— - ——L , 40.6 kips 

^bh 3 (12)(10 3 ) = 1,000 in. 4 


X g - 4 bh3 


P + 

Lt n: 


■p(l - k y 


k » V 2np + (np) 2 - np - V° .194 + 0.0094 - 0.097 = O.35 
I t - 12(8. 94 ) 3 + 0. 097 ( 0 . 65 ) 2 j * 474 in. 4 

I = 0.5(1 + I. ) * 0.5(1,000 + 474 ) * 737 in. 4 


160 EI 


l 44 (ll 3 ) 


1,850 kips/ft 


0.0219 ft, y m - a p y E = 6(0.0223) 


0.1314 ft (par. 6-26) 


Weight 


10(11)(150; 

12 ( 1 , 000 ) 


=1.375 kips 


Ma SS m . 1^325 . 0.0427 

> g 32.2 1 ft 

e. First Trial - Equivalent System Properties. 

R me " \ R m * 0 . 57 ( 40 . 6 ) = 23.1 kips (eq 6.12) 

H e x H * 0.57(1-87) * 1-07 kip-sec (eq. 6.8) 

m e . m « 0.42(0.0427) = 0.0179 ^ - p . '^ ec (eq 6.2) 


P 2m 


T * 2it. 
n 1 


32.0 ft-kips (eq 6.10) 


I a B 

*e 


0.78(0.0427; 

17550 


0.027 sec (eq 6.l4) 


f. Work Done vs Energy Absorption Capacity. 

C . 0.083 , o 07 

C T T 0.027 3 ‘° 7 

H / — — /*" _ \ 


(eqs 6.15, 6.l6) 


Q =2 —- as T —— a 0. 90 

E B 45.1 ? 

t m /T - 0.39 (fig- 5 - 29 ) 


t - 0.39(0.083) = 0.032 sec 
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C w « 0.087 (fig. 5.27) 

W m * C W W p “ 0-087(32.0) « 2.78 ft-kips (eg. 6 . 17 ) 

E * R me [ y m “ °' 5y E ] * 23<1 C 0 *^ " 0.5(0.0219)] 

» 2.78 ft-kips (eq. 6.18) 

E = W the selected proportions are satisfactory as a preliminary 
design. 

g- Design of Support Section. 

Assume $5 bars 

d « 10 - 1.5 - 0.31 « 8.19 in. 

Mp * p f dy bd 2 jl - (eq 4.16) 

Mp - p(52)(1)(8.19 ) 2 J\ - m 37.2 .*. p * 0.012 

^ * 0.012(12)(8.19) 33 l.l8 in. 

#5 tars at 3 - 1/4 In., . l.lll in. 2 , p , « 0.0116 

Mp s - 1 . 14 ( 52 ) ^2 [l- - 36.8 kip-ft 

b. Design of Midspan Section. 
p » 0.0097, d * 8.94 

Ag - p bd - 0. 0097(12 )(8.94) * 1.04 in . 2 
Try #5 bars at 3.5 in. 

A s = 23 (0.31) * 1.06 in. 2 , p * O.OO 99 

«p - 2 # [1 - * 37-9 kip-ft 

Run midspan steel through. to pinned support. 

*■* Maximum. Deflection and Dynamic Reactions by 

Numerical Integration. 

Mp s » 36.8 kip-ft (par. 9-23g) 

M^ * 37-2 kip-ft (par. 9-23d) 

\ “ y 37 ini (par. 9-23d) 

10(11)(150) 

12 ( 1 , 000 ) 


Weight 


1.375 kips 
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Mass, m * « 0.0427 

Elastic range: 

8M Ps 8 ( 36 . 8 ) 


3m L 
185EI 


26.8 kips 


K lm 26.8 
r e * k x “ 2,130 


l44(ll 3 ) 


2,130 kips/ft 


0.0126 ft 


Elasto-plastic range: 

4 \ 4 


I (M Ps + t 36 ' 8 + 2(37.2)] - 40.9 kips 


384EI 


890 kips/ft 


p 5 L 3 5(i44)ii 3 

y ep * y e + “HE—“ - 0.0132 + 4 °‘ ^ 8 §q 2 ~- ‘" ■ 0.0284 ft 

Plastic range: 

R m-I (M P 3 t2M Pm ] - 40 ' 9klps 

y m ’ af3 y E ’ aS ^ " 6 17550 " °' 1326 ft 

The basic equation for the numerical integration in table 9*29 is 

y n +1 * 2 y n " y n - 1 + y n A ^ < e(1 5 * 49) 

where 

P - R 
.. n n 


The time interval At * 0.0025 sec is approximately T^/lO (par. 5-08) 

y „ At2 - n (P n - V ■ l-8765(10- 4 )(P n - R n ), 

elastic range 

y n ^ - ofwSTS&T (P n - V “ - R n ), 


y At 

■'ll 


elasto-plastic range 

At2 ” of^TofefT (P n " V “ 2-2177(lO‘ 4 )(P n - \), 

plastic range 
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Table 9.29. Determination of Maximum Deflection and Dynamic Reactions for Front Wall Slab 


2n 

(kips) 


20.3 
20.1 
20.0 
19.8 

19.6 

19.5 

19.3 
19.2 
19.0 
18.8 
19.8 

15.4 

14.5 

13.7 
13-0 
12.1 



120 
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ryhp dynamic reaction equations are listed in paragraph 9”23c. The 
p values for the second column are obtained from figure 9• 30 multiplying 
by l44(ll)/l,000 * 1.584. 

At time t « 0.0375 sec, in table 9*29, the resistance R n becomes 
equal to the applied load. At times greater than this, R n will oscillate 
about the applied load. However, the resistance values are assumed equal 
to the load for computing the reactions for times greater than t * 0.0375 
as this procedure is conservative, and avoids the necessity for continuing 
the dynamic analysis. 

3 . Shear Strength and Bond Stress at Fixed End. 

V * 20.4 kips (table 9-29) 
max 

Allowable v * 0.04 f^ + 5/000 p + rf^ (eq 4.24) 

y 

For no shear reinforcement v * 0.04(3,000) + 5,000(0.0116) 

J 


m 120 + 58 * 178 psi 

V « §L_ = - 237 psi 

v 7 bd 7(12X8.19) 

Shear reinforcement required for 237 - 178 « 59 P si 
r «T 7 ^ - 0.0015 


Try 1 #3/ A s = 0.11 


r « A /bs = 


0.11 


0 . 0015 , s = 6.1 in. 


Use 1 #3 per foot of width at 6 in. 

8 V 8(20,400) OQO . ("IV 

u - Tzm ~ 7(T-25)a:i9 393 p 


Allowable u * 0.15 f^ “ 0.15(3/000) - 450 psi 

k. Shear Strength and Bond Stress at Pinned End. 

V = 20.4 kips (table 9 . 29 ) 
max 

Allowable v * 0.04 f^ + 5/000 p + rf^ 

«/ 

For no shear reinforcement v y = 0.04(3,000) + 5,000(0.0099) 
* 120 + 50 » 170 psi 

v * * 217 psi 

v 7 bd 7(12)(8.94) 

Shear reinforcement required for 217 - 170 m 47 psi 
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47 

r * 40,000 


9-231' 


0.0012 


Try 1 #3, A - 0.11 


A /bs 
s' 


s 

0.11 


0.0012 


12 s 

Use 1 #3 per foot at 6 in. 

8V 8(20,400) 
to. 


u 


7(6.73)8.94 


s *7.6 in. 


387 psi OK 


72o d 

Allowable u * 0.15 f’ « 0.15(3.,000) * 450 psi 

l. Back Wall Slab Analysis. Using the same resistance functions as 
for the front wall slab a computation of back wall reactions is made by 
means of a numerical analysis below. These reactions are necessary in 
order to compute the net external forces acting in the overturning and 
sliding analysis presented in paragraph 9-24. P^ ac ^ is obtained from 
figure 9*31* 

m. Reaction Determination by Numerical Integration. 


Table 9.30. Determination of Maximum Deflection and Dynamic Reactions for Back Wall Slab 


1 

*back 

(psi) 

p 

n 

(kips) 

R 

n 

(kips) 

? - R „ 
n n 

(kips) 

y a (Atf 

(ft) 

y 

(ft) 

Strain 

Range 




0.1 

0.174 

0 

0.174 

0.000020 

0 

e 

0.02 

0.02 

0.0375 

0.25 

0.396 

0.043 

0.353 

0.000070 

0.00002 

e 

0.05 

o.o4 

0.040 

0.40 

0.634 

0.234 

0.400 

0.000075 

0.00011 

e 

0.13 

0.15 

0.0425 

0.55 

0.872 

0.586 

0.286 

0.000054 

0.000275 

e 

0.26 

0.33 

0.045 

0.70 

1.110 

1.040 

0.070 


0.00049 

e 

0.40 

0.55 

0.0475 

0.85 

1.350 

1.490 

-0.140 

-0.000020 

0.00070 

e 

0.54 

0.80 

0.050 

1.05 

1.600 

1.90 

-0.300 

-0.000056 

0.00089 

e 

0.68 

1.01 

0.0525 

1.20 

1.900 

2.18 

-0.28 

-0.000053 

0.001024 

e 

0.80 

1.20 

0.055 

1-35 

2. l4o 

2.34 

-0.20 

-0.000037 

0.001105 

e 

O.87 

1.42 

0.0575 

1-55 

2.460 

2.44 

+0.02 

— - 

0.001149 

e 

0-93 

1.52 

0.060 

1.70 

2.70 

2.54 

40.16 

+0.000030 

0.001193 

e 

0.99 

1.61 

0.0625 

1.90 

3-01 

2.70 

+0.31 

+0.000058 

0.001267 

e 

1.06 

1.73 

O.065 


3-20 

2.98 

+0.22 

+0.000041 

0.001399 

e 

1.16 

1.89 

O.0675 

2.25 

3-57 

3-35 

+0.22 

+0.000041 

0.001572 

e 

1.30 

2.12 

0.070 

2.40 

3.80 

3.80 

—— 

— 

0.001786 

e 

1.45 

2.35 

0.0725 

2.55 

4.05 

4.26 

-0.21 

-0.000040 

0.002000 

e 

1.60 

2.60 

0.075 

2.75 

4.36 

4.63 

-0.27 

-0.000051 

0.002174 

e 

1.74 

2.82 

0.0775 

2.90 

4.60 

4.88 

-0.22 

-0.000041 

0.002297 

e 

1.82 

2.97 

0.080 

3.10 


5.06 

-0.l4 

-0.000026 

0.002379 

e 

1.90 

3.12 

0.0825 

3.23 

5.11 

5.20 

-0.09 

-0.000017 

0.002435 

e 

I.96 

3.21 

O.O85 

3-25 

5.15 

5.26 

-0.11 

-0.000021 

0.002474 

e 

1.98 

3.24 

O.0875 

3.66 

5.81 

5.32 

+0.49 

+0.000092 

0.002492 

e 

2.07 

3.39 

0.090 

3-75 

5-95 

5-55 

+0.40 

+0.000075 

0.002602 

e 

2.15 

3.51 

0.0925 

3.88 

6.16 

5-95 

+0.21 

+0.000040 

0.002787 

e 

2.28 

3-73 

O.O95 

4.0 

6.35 

6.40 

-0.05 

-0.000009 

0.003012 

e 

2.42 

3-96 
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9-24 RIGID BODY OVERTURNING ARP SLIDING ANALYSIS. In order to perforin a 
reasonably accurate preliminary shear wall analysis it is necessary to 
initially analyze the building as a rigid body, sliding and rotating about 
the longitudinal axis of the building. Using the principles presented in 
paragraph 9-06a for the rigid body analysis, the horizontal acceleration 
x q and the angular acceleration a Q about the longitudinal axis through 
the bottom of the footings are determined. The corresponding horizontal 
displacement x q and angular displacement G are determined as a function 
of time by means of a concurrent numerical integration of equations (9.4) 
and (9*5)* From this analysis one may then obtain the rigid body accelera¬ 
tions of the walls, floors, and roof slab which are used to determine t he 


rigid body inertial forces acting upon the shear walls in the preliminary 
shear wall analysis. 



(eq 9.4) 
(eq 9-5) 


a. Mass Moment of Inertia (1^). This consists of the mass moment of 
inertia of all of the elements about the axis of rotation of the structure. 


Because of the tendency for certain parts of the structure such as the 



earth, floor slab, column 
footings, etc., to translate 
but rotate, these elements 
will have an inertial com¬ 
ponent in the horizontal di¬ 
rection only. All other por¬ 
tions of the structure will 
have inertial components in 
both the vertical and hori¬ 
zontal directions. The 
centroid and moment of in¬ 
ertia computations axe pre¬ 
sented in tables 9.31, 9.32, 
and 9• 33 • The dimensions 
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Table 9.31. Computation of Mass and Location of Centroid of Building 


Element 

Dimensions 

Volume 
(cu ft) 

Weight 

(kips) 

Mass 

( kip-sec 2 ) 

y 

(ft) 

my 

\ ft / 

Front vail 

( 0 . 83 ) 24 . 64 ( 156 . 8 ) 

3,220 

483 

15.05 

13-06 

196.2 

Rear vail 

(0.83)24.64(156.8) 

3,220 

483 

15.05 

13.06 

196.2 

End vails 

2 ( 0 . 83 ) [(24.6 )46.34-6.0(7-5)] 

1,825 

274 

8.50 

13.06 

111.7 

Shear vails 

4(0.83)[(24.6)46.34-14. 0 ( 7 .5)] 

’ 3,450 

517 

16.05 

13.06 

210.9 

Roof slab 

(0.54)1*8.0(156.8) 

4,060 

608 

18.90 

25.73 

486.0 

Trans roof girders 

16 ( 1 . 0 ) 1 . 33 ( 19 - 0 ) 

4o6 

60.8 

I .89 

24.98 

47.2 

Long, roof girders 

2 ( 1 . 0 ) 1 . 0 ( 155 - 2 ) 

310 

46.5 

1.44 

24.98 

36.0 

Second floor columns 

36 . 0 ( 1 . 0 ) 1 . 0 ( 10 . 0 ) 

360 

54.0 

1.68 

19.50 

32.8 

Second floor slab 

0.42(46.3)155-2 

3,018 

453 

14.07 

14.29 

201.1 

Second floor trans girders 

16 ( 1 . 0 ) 1 . 0 ( 19 . 0 ) 

304 

45.6 

1.42 

13-54 

19.2 

Second floor long, girders 

2 ( 1 . 0 ) 1 . 0 ( 155 . 2 ) 

311 

46.8 

1.46 

13.54 

19.8 

First floor slab 

0.50(46.3)155-2 

3,600 

540 

16.80 

2.75 

46.2 

First floor columns 

36 ( 1 . 0 ) 1 . 0 ( 12 . 0 ) 

432 

64.6 

2.01 

6.92 

13.9 

Earth 

[1.7(46.3)155.2] + [0.83(44.5)153] 

17,920 

1,792 

55.70 

1.27 

71.7 

Isolated footings 

16(3-5)3.5(1.17) 

229 

34.4 

1.07 

0.58 

0.6 

Attached footings 

20 ( 1 . 67 ) 2 . 67 ( 0 . 83 ) 

74 

ll.l 

0.34 

0.41' 

0.1 

Front and rear footings 

2(2.5)0.83(158.5) 

662 

99-3 

3-08 

0.4i 

1.3 

Shear and end footings 

6(2.5)2.5(44.5) 

1,670 

250 

7-75 

1.25 

9.7 

Occupancy load (second floor) 

0.015(46.3)155-2 


108 

3.35 

15.5 

51.9 

Occupancy load (first floor) 

0.015(46.3)155-2 


108 

3*35 

4.0 

13.4 



6,079-1 

188.96 


1 , 768.9 

y-i&- 9 - 36n 


Table 9.32. Computation of Mass of Rotating Elements Only 


Element 

Ratio Rotating 

Entire Mass 

Rotating Mass 

Roof slab 

x . g[28(!2)^ 1-5(28)24] 





1 - 0.358 » 

0.642 

0.642 

18.90 

12.12 

Transverse roof girders 




0.50 

I .89 

0.95 

Longitudinal roof girders 

60/155 



0.39 

1.44 

O .56 

Second floor columns 

20/36 



O .56 

1.68 

0.94 

Second floor slab 

(Same ratio 

as 

roof slab above) 

0.642 

15.40 

9.90 

Second floor transverse girders 

(Same ratio 

as 

roof girders above ) 

0.50 

1.42 

0.71 

Second floor longitudinal girders 

(Same ratio 

as 

roof girders above) 

0.39 

1.46 

0.57 

First floor slab 

(Same ratio 

as 

roof slab above) 

0.642 

16.80 

10.80 

First floor columns 

(Same ratio 

as 

second floor columns) 

0.56 

2.01 

1.12 

Occupancy load 

(Same ratio 

as 

roof slab) 

0.642 

3.35 

2.15 
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Table 9 . 33 . Computation of Polar Moment of Inertia , / 


Element 

1/12 md 2 

”2 

mx 

ha 

Front wall 

Rear wall 

End vails 

Shear vails 

Roof slab 

Transverse roof girders 
longitudinal roof girders 

Second floor column 

Second floor slab 

Second floor transverse girders 
Second floor longitudinal girders 
First floor slab 

First floor columns 

Earth 

Isolated footings 

Attached footings 

Front and rear footings 

Shear and end footings 

Occupancy load 

1 

(1/12)15.05(0.83) 2 . 0.87 
( 1 / 12 ) 15 .05(0.83) 2 - 0.87 
( 1 / 12 ) 8 . 50 ( 1 ( 6 . 34 f -1,525 
(1/12)16. 05 ( 46 .34 ) 2 . 2,870 
( 1 /I 2 )[l 8 . 90 ( 48 . 0) 2 - 6.78(28.o) 2 ] - 
( 1 / 12 ) 0 . 95 ( 19 . 0 ) 2 . 28.6 
(1/12)0.56(1.0) 2 . 0.05 
(1/12)0.94(1.o ) 2 . 0.07 
(l/l 2 )[l 5 . 40 ( 46 . 3) 2 - 5 - 50 ( 28 .o) 2 ] = 
( 1 / 12 ) 0 . 7 l(l 9 - 0 ) 2 . 2 i. 4 o 
(1/12)0.56(l.O) 2 . 0.05 
(1/12)[16. 8 ( 46 .3) 2 - 6.0(28.o) 2 ] . 
(1/12)1.12(1.o) 2 > 0.09 

( 1 / 12 ) 0 . 34 ( 1 . 67 ) 2 - 0.08 
(1/12)3*08(2.5) 2 - 1.60 

( l/l 2 ) 7 .75(44.5) 2 . 1,280 
2 ( 1 / 12 )^ 55 ( 46 . 3) 2 - 1 . 20(28. o) 2 Jc = 

15.05(23.58) 2 - 8350 
15 . 05 ( 23 .56) 2 - 8350 

0.95(13.0) 2 - 161 
0 . 56 ( 4 .o) 2 . 9 

0.94(22.o) 2 . 455 

0 . 71 ( 13 . 0 ) 2 . 120 
0 . 56 ( 4 .o) 2 - 9 

1 . 12 ( 22 . 0) 2 - 542 

0. 34 ( 22 .0) 2 = 165 

3.08(23.5) 2 - 1,700 

8,351 

8,351 

1,525 

2,870 

3,180 

190 

9 

455 

2,400 

l 4 l 

9 

2,610 

542 

165 

1,702 

1,280 

1,035 

34,667 

Element 

1/12 md 2 

-2 

my 

| ha 

Front vail 

Rear wall 

End walls 

Shear vails 

Roof slab 

Transverse roof girders 
longitudinal roof girders 

Second floor columns 

Second floor slab 

Second floor transverse girders 

Second floor longitudinal girders 

First floor slab 

First floor columns 

Earth 

Isolated footings 

Attached footings 

Front and rear footings 

Shear and end footings 

Occupancy load (second) 

Occupancy load (first) 

—_ __ 

(1/12)15.05(24.64 ) 2 - 762 
( 1 / 12 ) 15 . 05 ( 24(64) 2 . 762 
( 1 / 12 ) 8 .50(24.64) 2 . 432 
(1/12)16. 05 ( 24.64) 2 - 815 
(1/12)18.90(0.54 ) 2 . o.46 
(l/l2)l.8g(i.o) 2 - 0.16 
( l/l2)l. 44 (l;0) 2 . 0.12 
( 1 / 12 ) 1 . 68 ( 10 . 0 ) 2 - 14.0 
(1/12)15. 4 o(o. 46 ) 2 . 0.27 
( 1 / 12 ) 1 . 42 ( 1 . 0) 2 . 0.11 
(1/12)1. 46 ( 1 .o ) 2 . 0.12 
(1/12)16.80(0.50) 2 - 0.35 
( 1/12)2.01(12.o) 2 - 24.1 
( 1 / 12 ) 55 .70(2.50) 2 . 28.8 
(1 / 12 ) 1 . 07 ( 1 .17) 2 _ 0.12 

(l/l 2 ) 0 . 34 ( 0 . 83 ) 2 _ 

( 1 / 12 ) 3 . 08 ( 0 . 83 ) 2 - 0.17 
(1/12 )7• 75(2.5 ) 2 . 4.04 

15.05(13.06) 2 . 2,560 

15.05(13.06) 2 - 2,560 
8.50(13.06) 2 . 1,450 

16.05(13.06) 2 . 2,740 
18.90(25. 73 ) 2 - 12,550 

1. 89(24.86) 2 . 1,172 
1 . 44 ( 24 . 86) 2 . 892 

1.68(19.50) 2 - 638 

15-40(14.27) 2 = 3 ,140 
1.42(13.36) 2 - 254 

1 - 48 ( 13 .36) 2 - 261 

16.80(2.57) 2 - 127 

2 . 01 ( 7 .o) 2 - 99 

55 . 70 ( 1 .29) 2 - 92.5 

1.07(0.58) 2 - 0.3 
0.34(0.4l) 2 . 0.05 
3 - 08 (o. 4 l) 2 . 0.5 

7 . 75 ( 1.25 f - 12.1 

3 - 35 ( 15 . 5 ) 2 - 804 

3 - 35 ( 4 .o) 2 - 53.6 

3,322 

3,322 

1,882 

3,555 

12,550 

1,172 

892 

652 

3, l 4 o 

254 

261 

127 

123 

121 

1 

16 

804 

54 

32,248 

I » 

0 

1 I rr + hx . “ + 32,24a « 66,915 kip- 

sec 2 /ft 
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used In these computations are shown In the sketch on page 124. 

b. Ground Foundation Interaction. The rotation of the structure 
under the blast loads develops a resisting moment of the vertical soil 
pressures against the footings. The magnitude of this moment reaction 
which tends to resist the overturning of the structure is given by: 


B 


2 

it EL 

4(1 - v) 2 


(eq 4.59) 


To apply this formula to a specific structure the ratio I Jj. must 

net' gross 

be determined, where I ^ is the moment of inertia of the actual footing 

area and I is the moment of inertia of a solid rectangular area ex¬ 

gross 

tending over the entire extent of the footings, both quantities being 
evaluated about the longitudinal axis about which the structure is rotating. 
The net overturning resistance of the soil is given by the product of 
equation (4.57) and the ratio 1^/1^ sg . 

I net ^ (l/l2)bd 3 - (l/l2)b'd t3 = _ b'd' 3 

■’‘•gross (l/l2 )bd 3 bd 3 


b « 156.8 + 1.6 « 158.4 ft 
d « 48.0 + 1.6 > 49.6 ft « 2L 
b* = 158.4 - 6(2.5) - 143-4 ft 
a* « 49.6 - 2(2.50) a 44.6 ft 


gross 


158.4(49.6 ) 3 


0.342 


■ J » 31.2(10)^ ft-kips/ft/radian 


e- ss 4(i - 0.333 2 ) L ^ j —.—- 

B net * 31-2(10) 5 0.342(158.5) » 17.0(10) 7 ft-kips/radian 
c. Passive Resistance of Soil. Since the earth between the front 
ana back walls is considered to move with the structure, the back wall only 
will develop horizontal passive soil resistance against translation of the 
structure. 

F p . O.5 (r)(H 2 )(K p 0) (eq 4.58) » (0.5 )0.100(2.5 f 10 

= 3.12 kips/ft = (3.12)157.0 = 490 kips a total passive resistance 
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9-244 


d. Determination of Total Blast Forces on Front Wall > Back Wall 

F^ , and Roof V . The total air blast loads acting upon the Front wall, 

back walls, and roof of the structure, respectively, are used in the rigid 
body overturning and sliding analysis. These values are determined, from the 
product of the area of these surfaces and the air blast pressures acting 
upon them as a function of time. These values are tabulated in table 9*3^* 

Table 9.34. (Ff - F^J and V Values for Rigid Body Analysis 


f roof 
(kips) (psi) 




15.150 
14,700 
l4,220 
13,750 
13,310 

12,850 
12,350 
11,950 
11,450 
11,050 
10,570 

10.150 
9,660 
9,g4o 
8,820 
8,24 o 
7,650 
7,120 
6,580 
6,060 
5,46o 
5,000 
4,520 I 

4.300 
4,190 
4, o4o 

3.960 
3,800 
3,670 
3,560 
3,420 

3.300 
3,140 
3,030 

2.960 
2,820 
2,630 
2,500 
2,290 


28.5 

27.7 

26.8 

25.9 

25.1 

24.2 

23.3 

22.5 
21.6 
20.8 

19.9 
19-1 
18.2 

17.4 
16.6 
16.0 
15.2 
14.6 
14. o 

13.2 

12.5 
11.8 
11.1 

11.3 

11.6 

11.4 

11.5 
11.65 

11.7 

11.8 
11.93 
12.00 
12.1 
12.15 
12.2 
12.3 
12.45 
12-5 

12.9 


487 

I 473 
458 

443 

428 

4 l 4 

398 

385 

369 

356 

340 

326 

3H 

298 

284 

274 

260 

250 

239 

226 

214 

202 

190 

193 

198 

195 

196 

199 

200 
202 

204 

205 
207 
208 
209 
210 
213 
214 
220 


0 

O.63 

1.26 

I.89 

2.52 

3.15 

3-78 

4.4i 

5.04 

5.67 

6.30 
6.93 
7.56 
8.20 
8.65 
8.50 
8.4o 

8.30 
8.20 
8.12 
8.05 
8.00 


7-95 

7.85 

7-75 

7.65 

7-55 

7.45 
7.35 
7.25 
7.15 
7.07 
7-00 
6.90 
6.80 
6.70 
6.60 
6.55 

6.45 


O 

i 684 
; 1,368 

> 2,050 
■ 2,730 

3,420 
4,100 
4,780 
5,460 
6,150 
6,840 
7,520 
8, 200 
8,900 
9,370 
9,220 
9 , 100 
9,000 
8,900 
8,800 
8,730 
8,680 
8,620 
8 , 500 
8,380 
8,280 
8, 170 

8, 060 
7,950 
7,84o 
7,740 
7,650 
7,580 
7,46o 
17,360 
7,250 
7,140 
7,090 

6,980 


487 
■ 1,157 

l 1,826 
1 2,493 
1 3,158 

3,834 

4,498 
5,165 
5,829 
6,506 
7,180 
7,846 
8,511 
9,198 
9,654 
9,490 
9,360 
9,250 
9,139 
9,026 

8.944 
8,882 
8,810 
8,693 

8,578 
8,475 
8,366 
8,259 
8,150 
8,042 

7.944 
7,855 
7,787 
7,668 
7,569 
7,46o 
7,353 
7,304 
7, 200 


365 

867 

1.370 

1.870 
2,360 

2.870 

3,360 

3.870 

4.370 
4,880 

5.380 

5.870 

6.380 
6,900 
7,240 
7,100 
7,020 
6,940 

! 6,850 
6,770 
6,700 
6,660 
6,620 
6,520 
6,44o 
6,350 
6,260 
6,200 
6, no 
6,o4o 

5,950 

5,880 

5,830 

5,750 

5,680 

5,600 

5,510 

5,480 

5.400 
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The net lateral force is 
the value desired for the 
rigid body analysis and hence 
is contained in the tabula¬ 
tion. The vertical blast 
load on the roof and footings 
is multiplied by the coef¬ 
ficient of friction (x to 
give the lateral friction re¬ 
sistance to translation of 


the structure. 


P f - (23.5)156.8 (^)p 

** * 532 f baok 


front 


* 532 P front kips 


V = vertical blast load on roof and portion of footings exposed 
to blast 


Blast load on roof = (48.0)156.8 ( 7-^- ) P _ = 17.1 P „ 

\ 1,000/ roof roof 

The average net lateral overpressure vs time curve (fig. 9*32) is 


obtained by subtracting values (fig. 9-31) from P^ ront values 

(fig. 9-30). 

e. Dynamic Analysis. The dynamic rigid body sliding and overturn¬ 
ing analysis is performed through the tabulations contained in table 9-35- 
A simultaneous numerical integration is performed upon the quantities 0 £ q 

and x to obtain the time history of the rigid body rotation 6 and the 
o 


rigid body translation x 


The acceleration impulse extrapolation method 


(eq 5.49 of par. 5-08d) is used for the dynamic analysis as follows: 

<»>t . n + 1 ' = n - < 8) t - n - 1 + < a o>t - n < At > 2 

(*<A . n ♦ 1 - 2(x oK . n - <Vt = n - 1 + - n 

Use At * 0.0025 sec (Same time interval used for roof and front 
wall.) 

F 


x = 
o 


y (eq 9-5) 


While the structure is sliding: 
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Lateral Overpressure 































Table 9.35. Simultaneous Rigid Body Overturning and Sliding Analysis 


r 



9-24e 


EM 1110-345-419 
15 Jan 58 


0 IA 

* l s 

U'N0AW\rAONC0OaNOHOC-C)0V0lArA.4--4'y0t'-r-iaNOOOlAHN£>VnU\>-ION.4OOOOO 

1 —If—1<—IrHrHHHi-H H* H* ftCMOJCMCMCMCMOJCM 

$ * 
*°\ 

.4 tf\H_H\Q0\CM.4.4l/\P-eDlACMr-‘lAlAU , \ 

IA fp 4 VO <D m to f- CO O CM H IA OO (A o\ Ol CO H ON (O « 01 4 CVIlAHHlfNH rA <30 tO Ol H 

1 1 1* 1 1 1 

co^ 

V 

O to 
* 1 

-2i CO VO IA 

ON CO CM CO LACONO CM ro OJ H NO LAOnONHQOVO LA C- PA CO O C^-C0O.4ON_4CMC0OrAO0A 

+ + + + + + i t i i i i i 

cvi 

i * 0 s 

0 £ 

t- NO H OO A CO W CO O HO*! UNO°AO\(OfOOO CM 8 4 0NCOAC0C0V04(04 IA h O PA 

rH JO (O Ol 6 CA 4 04 ON IA CM NO ^pfOO^OMiO A [>■ 1^ UN OJ A 4 * CA PA C~ Q PA CM O 

r-i<MCMOJCM«-HHrHr-i i 1 HCIIfOinA4-544444m(OCilOlrlH I + H 

1 1 l « 1 1 l 1 1 • t 1 1 1 1 1 1 > + 

cT 

i.°la° 1 
£. 

ON 00 

\Q OOr-loO H 00 O C-OSNO H4 , 4‘4C0 lAf^COlAOVVO 0\VO t*~ \Q IA CO O 0J UNO OO 

iiiiiiiiit i itiittat lit 

to 

9 

IA 

's 

£3&3>8ISS‘«'S ! fcaS9888*8cia.3>.S!938!?SiRS!&:?!A4*l8S:a!a!!!f 

o»"- 1 ^96iRSKidg|js««9i§8iS8iSNSSSS* 6 *»**** 

3 1 
*S h 

«° >A 

la 

?SR^snn 5 SsssaRns-s 8 S 8 »a«s»Ra?sa$sns 

O'-^HfH.HHHOodddoOHHCMCvioicGpArArAPArACMCMCviHHrjioO^^OOOO 

cP 

0 

u 

0 

°°1 

1 

■SI 

ss5Sssss8MSPa?R«giisna«aRnas8asssaif,4i 

CMCMCMojcMCMf4>H>-iddddHHCMPAPn.4.4-4lAlAlA.4.4.4PAPACMrHHOdHdood 

iiitiiiiililiiiiiilii+ + liii 

*°;sl 

1 1 

*°S 

|g 3 IfH§fS£$fg§I§§§lf§lSl§l§§£J§I§§£§§§ 

$ i i $ § $»' -«'s s s? * 4 § i i i | $ i i | i 11 f g 5 s' ? * f ? £ 

n 

r O Pi 

5 

8E&8S&&S8a9&fc&3&SSaei&8«a&63&*&S&*B 

*1 ^ «s «N «N *** »\ "N "V "N 1 ^ ^ n «N •% -N «S -N 

On co r-NONO-4 tv-jmcM -h -h cm m to 4 4 la ua no no Oj-Pj-c^-Cj-Mji pj-pj-pj-pp>-tj-pj-l>- 

to 

If 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

t— t— t— f— t— c— tr— t— r— c— 0 - c— c— c^- c— c— c— r— p— c— t— — c— r— c~- c~ r— c— t— — c^- c~-“ i>- ex' !>r F^r 

IA“NIAAIAAAIAAIAIAIAAIA1AAIAIAIAIALAIAIAAIAIAIAUNU\IAIAAAAIAAIAAA 

j# -4 jP' -sT ^p ^p - 4 " -=T -iT -P -4* 4- 4- .4 -4 .4* -=T -4* .4 ^4* -4* P" -4* PP 4 4 4 44 4'444444444 

to 

*2 S* 

IA C- O OOOOOOOOOOQOQOOOOO OO 0000000000000000 

« 8 R £ « £ » £ K S S S S 8 , i! a 8 S £ P ^ S S S 3 S « 8 5 ! S S E S $ S S § 1 

H rl ol ttl AA PA _4 -4 IA LA NO NO C— C~-P-NONONONONONO NO NO NO NO NO NO NO lAUNIAlAIAIAIAIAIA 

w 

£ 

seisjaassssssss&sasaii&s&ssai&ss-saas&aR 
» i i § i i s' s' »' * * *' i 4 i i i i f f i £ $ £ £ f f f f i i f * * ?' $ ? ?' ? 


° <-? ia cu m o? y; cu o\ m o co* vo' co w m o' c- cC 5 g" co ro w in ut o" o o rt icC f; o m ,o ,h ,iC h 


88888888888888888888888888888888888 


8 § 8 8 8 8 8 8 8 8 8 8 8 8 8 8 § 8 8 8 § § 8 8 8 8 8 8 § 8 ^ 8 8 8 8 8 8 8 8 

0©OOOOOOOlAOLAOCOOlAOLAOlACO-4LACMI? : -CONOPA-4r'-r'--CUCOoAlACUIACONO 

s s' & £ & £ £ £ K « £ £ o’ 4 € 8 S £ ;S d* K ^ iR ^ S S' ^ 5 5* i 3 £ & & 

CMCMCMrHHHHHHHHHf-IHHHi-lr-l 


S8aSSRSRSaSSSS8U8SS2888a|S8RS|8SaS|HI 

H C*— OJ h fH CO fO ON 4 OtArtvOWiOJVO H uN g 4 O t/NcnHO CN CO VO lA^ OOrH O uV CO VO OOCvl 

IA J - "' 4 ' d CA W 0? H H H o' o' ON ON d ffl C^ N no' VO 1 IA IA 4 ' 4 ' 4 ' 4 ' CA PA PA rA PA PA PA PA OJ CM CVI CM 01 

H H rHrHiHHIrHHr-tfHHr-H 

*1 

S' CTNA-^O W IA P O OJIAC^O W IA h 0 OJ IA p O WUAC^O WVAt^O^lApQw'lA^PWVrN^ 

1 doddddddddddddddddddddddododooooooooooo 


131 














EM 1110-3^5-U 19 
15 Jan 58 


9-2ke 


M o “ F f y f " F b y b ' F p y p - Be + mgy sin 6 

F o “ F f “ F b " F p ' + ^ m r w 0 2y r + m r W o 2y r sin 6 

The terms sin .6 and are negligibly small, hence they are neglected. 
While the structure is not sliding 

M 

a o ’‘T (e<1 9 * 6) 
o 

The numerical analysis is performed in table 9.35 from which the max imum 
rigid body translation^ » 2.12(l0)~ 2 ft at t * O.O85 sec] and the maxi¬ 
mum rigid body rotation £e = 2.28(l0)" 3 radians at t - O.O525 sec] are de¬ 
termined. The rigid body translation of x q =0.02 ft and the rotation 
which corresponds to a vertical motion at the front of the structure equal 
to 0.00228(48/2) = 0.055 ft are not excessive, hence no change is antici¬ 
pated in the design at this point. The values of a and x contained 

o o 

in the tabulation are used to determine the rigid body inertial forces in 
the shear wall analysis of the following paragraph. The symbols used for 
column headings in table 9.35 are as follows: 

F f ~ * n et lateral blast load applied to structure (table 9.34) 

F f y f " F b y b “ noment of net lateral blast load about axis of rota¬ 
tion "0" « 14.25 (F f - F ) 

F p y p - moment of passive pressure soil resistance about axis of 
rotation = O.83 (F p ). F^ from paragraph 9.24c 
Be = moment of earth resistance due to overturn ing 

= |l7.0(l0) 7 ft-kips/radian] (e). See paragraph 9.24b 
M 0 = moment of all external forces about axis of rotation 

■ 1y* - v,] - Vp - Be 

\iY = friction resistance caused by total vertical blast 
load (table 9*3^-) 

^mg = frictional resistance caused by dead load, mg from table 9.31 
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p S summation of external horizontal forces applied to the structure 

0 

« (F f - F b ) - F p - nmg - HV 

M - F y *> numerator of equation (9*^0 * y = 9*36 ft (table 9*3l) 

0 O 

a » ang ular acceleration of structure about longitudinal axis of 

o _ 

rotation "0" = —-• where I q - my 2 * 66,900 - 188.96(9.37) 

X o ‘ W 

• 50,300 kip-sec 2 /ft 

IF 

X = horizontal acceleration of axis of rotation "0" = — - aj 

0 

(eq. 9-5) 

9_25 nWPTRMTTtATION OF SHEAR WALL RESISTANCE FUNCTIONS, a. General. In 
order to perform a dynamic analysis to determine the shear wall behavior, 
it is necessary to determine the resistance functions for the structure. 

The resistance functions are expressions relating the lateral deformation 
of the structure to the internal resistance which the structure develops in 
resisting the deformation. These relations change as the deformations in¬ 
crease and various portions of the structure become plastic; however, the 
initial functions are computed for a completely elastic structure. 

Since the transverse girders are relatively flexible compared to the 
shear walls, no rigid frame beam and column action develops, and the only 
resistance to lateral deformation of the structure is developed by the 
shear walls. Since the two end shear walls are different from the interior 
walls, an investigation must be made of each type in order to determine the 
total resistance of the entire structure. A moment and shear distribution 
of the shear walls will be performed in accordance with the procedures 
described in paragraphs S~0k and 9“ 05 in order to obtain the resistance 
function of each wall. The resistances will then be combined in order to 
determine the resistance function of the structure acting as a unit. A 50 
percent reduction in stiffness of the end walls is assumed because of the 
simultaneous blast load normal to the end wall surface. The preliminary 
shear wall investigation is based upon an assumed wall thickness of 10 in. 
which is considered the practical minimum thickness for reinforced concrete 

walls. 
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9-25b 


: r 


E r 


A 

r 


— 


c 

- 


L 

E 


1c 


1= 00 r 

A= 00 *■ 


=ZT=^ 


"E~ 


1 1 = 00 


*>• Interior Shear Walls. The 
interior shear walls have corridor 
openings in both stories, hence the 
shear wall is considered as a two- 
story bent- The properties of the 
individual members of the fr ame are 
determined so that a moment distri¬ 
bution may be performed to determine 
a=<» the resistance functions. Unit 

lateral distortions are introduced 
consecutively at the roof and upper 
floor levels to determine the stiff- 
]£2 ness constants which define the re¬ 
sistance functions. The stiffness 
tants are computed for the interior shear wall in paragraph 9-250. 
c. Section A-A (Lintel Section). 

b > 8t + b' = 8(0.54) +0.83 « 5.17 ft [_ 5.i7' j 3 

y . ^-34(0.54 f + 0.83(4.O) 2 

2[o.54(4.34) + 0.83(4.0)] 

1^*65 _ 

“ 66) = lm2 9 ft 

' ' ■ 0.83' 



1 




I-o° q\ 
A= 00 1 

-- 


-1 0 I* 00 ] 

L 1 A»m 






r£>z 






•C.G. 


X CG " (°*83)4.0 + (o.71) 2 ]+ (0.54 ) 4.34 + ( 1.02) 2 ] 

^ )i J 


* 6.06 +2.96 = 9.02 ft 
A w = (0.83)4.0 = 3.32 ft 4 

d - Section B-B (Lintel Section). 


4.5!' 




r E3Z-T r ^ZZ3--< 


rs 


-C.G. 


-0.83' 


b = 8(0.42) + 0.83 a 4.51 ft 

y * 3-68(0.42) 2 4 0.83(4.0) 2 
2[o.46(3.68) + 0.83(4.0)] 

14-078 , _ 

“ 2(5-02) “ 1,39 ft 
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I CG - (0.83)4. 


+ (0.6l) 


! ] * ( 0 . 


46)3.68 


;o.42) £ 


- 5.66 +2.31 * 8.07 ft 

A w - 0.83(4.0) * 3-32 ft 2 

e. Section C-C (Shear Wall Section). 

b « 2 height] + t 

« 2(10.96/6) + 0.83 « 4.48 ft 


:i.i6) 2 ] 



b - 8t + b* « 8(0.83) + 0.83 h °' 83 8 ' 78 --^--I Bu | din9 

= 7 • 46 

4.48 < 7.46, hence 4.48 Is controlling value for b 

7 . (S°: . ?) g .... P - -83 .. t . (°-83) g 3-65 _ 8 . 78 ft 
2 [o. 83(20.5) + 0.83(3.65)] 

I CG = (20.5)0.83 + (1.47) 2 + (3.65)0.83 + (8,36)2^ 

= 635 + 213 = 848 ft^ 

A w = (20.5)0.83 = 17-0 ft 2 

f. Section D-D (Footing Section). 



A = ( 2 . 50 ) 3.0 = 7-5 ft 

I.lg&SL. 5.62 ft 1 * 


g. Section E-E (Shear Wall Section, 


-G 


height! + t 


2(22.46/6) + 0.83 = 8.32 ft 


b = 8t + b’ = 8(0.83) + 0.83 
- 7.50 



2 . 

Building 


7.5O < 8.32, hence 7.50 is controlling value for b' 
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(20.5) 2 0.8.3 + (0.83) 2 5.67 


y - m 7<85 ft 

2[(0.83)20.5 + (0.83)6.67] 


I C(J - (20.5)0.83 

L J 

= 696 + 246 = 944 ft 


i.4o) 2 + (6.67)0.83 + (6.67) 2 


A w » (20.5)0.83 » 17.0 ft 2 

Constants for Moment Distribution - Member AB (See Par. 9-04' 
L * 7-0 + 2(11.72) - 30.44 ft 

x « 1:L 7 2 _ n ?P6 
1 30.44 ~ °' 386 

x 2 • iot = °* 614 

a l * x 2 " X i ■ (°‘ 6li * - 0.386) . 0.228 

a 2 m (l/2)(x 2 2 - Xl 2 ) * (1/2) [(0.6l4) 2 - (0.386) 2 ] . 0.114 
a 3 * (l/3)(x 2 ^ - X;l 3 ) = (1/3) [(o.6l4) 3 - (0.386) 3 ] = 0.0581 


s « -f- - . 0.00643 

ITAG (30.44H3.82) 

®3 * a^S + * 0.228(0.00643) + (0.0581) =t 0.05955 

0 o = -.- ag " a 3_, _. OJJjj - 0.05955 Qn „ 

2 2 --q * 9^* I 

a i a 3 " ^2) 0.228(0.05955) - (0.114r 


c, « — 2 — c . — 

1 a _ „t 2 0.u4 - 0.05955 

2 a 3 


2, .Q5955_ /qq 7 \ gg _ 

4 - n.nsQ^ ^y u -(/ * 99-3 


C n I 
1 o 


For symmetrical members: ~ 

v - S9-3 (9-02)- _ „ „ 


CO «- —^ sr 90* 7 n rno 
C *°*AB C 1 993 = °' 91 3 
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1. Constants for Moment Distribution - Member CD. The centroid 
locations of sections C-C and E-E are slightly different because of differ¬ 
ences in effective vidth of flange in bending. In order to perform a 
moment distribution the centroid locations for C-C and E-E are averaged to 
obtain a common location for these sections and a consistent set of stiff¬ 
ness and carry-over factors for section B-B.- 
t 7.0 + 2(11.72) ± 7.0 + 2(12.65) 


O.389 


[31.37 - 7.0] /2 

C 1 * 3107 * 31-37 

12.18 + 7-0 „ r .,, 

C 2 " 31.37 " °* 611 

1 - Xg - x ] _ - 0.611 - O.389 - 0.222 


31.37 ft 


* (l/2)^x 2 2 - x^) « (1/2) [(0.611 f - (O.389) 2 ] = 0.110 
= (l/3)(x 2 3 - x x 3 ) = (1/3) [(0.611) 3 - (0.389) 3 ] = 0.0564 


* 0.00544 


IE _ 

l 2 ag ( 31.37) 2 3-32 
« &1 S + a 3 - 0.222(0.00544) + 0.0564 = 0.0576 


a„ - a; 


0.110 - 0.0576 


2 a,a^ - (a 2 ) 2 0.222(0.0576) - (0.110)" 


77-1 


13 


0.0576 


*2 3 

For symmetrical member CD: 

C 1 1 

%) * “cD “ T T 


a' 2 0.110 - 0.0576 


77.1 * 84.6 


C.O. 


CD 


C.O. 


DC 


84.6(8.07) c ),), 
*CD * M31.j7T * 

n 

77.0 


C.O. 


CD 


B53 


- 0.910 
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For antisymmetrical loading, K factors can be modified so that dis¬ 
tribution can be performed on one-half of structure. 

K r * K(l4 C.O. ) 

K AB * (T-35)(l + O.912) = 14.05 
K£ d * (5 .44 )(i + 0.910) » 10.30 

i • Constants for Moment Distribution - M^^er AC. 

L = 7.5 + I.39 + 2.71 « 11.60 ft 

x i 'irio - °- 120 

x 2 = E5o ” °-767 

a l " x 2 " X 1 “ 0 *787 - 0.120 « 0.647 

a 2 “ (V2 )(x 2 2 - x* (1/2) [(O.767) 2 - (0.120) 2 ] . O.2863 

a 3 = (1/3) ( X 2 3 ' x l 3 ) = (V3) [(0.767) 3 - (0.120) 3 ] = 0.150 

-0.615 

L AG (11.60) 17.0 

a 3 = a x s + a 3 « 0.647(0.815) + 0.150 « 0.677 

C-!g~l a 3- - - 0-2863 - 0.677 

a x a 3 - (a 2 ) 2 0.647(0.677) - (0.2863) 2 * 


n « 3 n _ 0.677 

1 a 2 - a^ °2 = 0^8'6'3 - 0.( 


(-1.105) - 1.92 


C 3 


a x - 2a 2 + a' 


2 3 n _ 0.647 - 2(0.2863) + 0.677 / 

a - a* C 2 072863 - 0.677 ' (" 1 * 1 °5) ■ 2.12 


2 3 

C l I 1.92(848' 


V __ -J- 4 • yCZ. I LH 

*CA " IL-Sftfc 


2.12(848! 
4(11.60; 


C.O.. m —^ x -1.105 Q cyg 
ca c n 1.92 u *?ro 
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em 11 : 


co , » -0.516 

C *°'AC C 3 2.ir 

k. Constants for Momen t Distribut 

L « 7.0 + 2(12.65) * 32.30 

12.65 n ono 
x i * 32^0 ■ °- 392 

X „ - 0.608 

2 32.30 

a x . x 2 - . 0.608 - 0.392 - 0.! 

a 2 - (l/2)(x 2 2 - x x 2 ) - (l/2) [(0 

a 3 * ( l / 3)(* 2 3 " X x 3 ) * (l / 3) [ ( ° 

0.00158 


S 


IE _ 5.62 (2.2j 

L 2 JG (32-3) 2 7-5 


a' - a.S + a, = 0.216(0.00158) + O.IW - 
3 1 3 


8 L a * 8*^ 

2 3 


a i^3 ~ ( a 2^ 
a 3 


107.0 


a 3 rr O-O^Q - Tff 107-0 = 109*5 

C ! = *1^3 2 “ °‘ 1085 ‘ ° 


v C l I 109.5(5.621 . 4 l6 

Kef “Tfl" 4(32.30) 


c.o. 


ef 


% , 10L£ = 0i978 

: c ± 109-5 


Modification for antisymmetries! loading: 

K * -K(l + C.O.) -4-76(1 + O.978) = 9-^2 

!. Constants for Moment Distribution - Member EC. 

L = 1-5 + 7-5 + 2.61 = 11-61 ft 


* °* 775 

x 2 UTol 


. 0 - 345-419 

15 Jan 58 
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a l = x 2 " x i * 0,775 - O.129 = 0.61+6 


a 3 * 


(l/2)^x 2 2 - X]L 2 j « (1/2) [(0.775) 2 - (0.129) 2 ] » 0.2922 
(l/3)(x 2 3 - Xl 3 ) * (1/3) [(0.775) 3 - (0.129) 3 ] . 0.151+6 


0.905 


8 . -SL . --W)2-2 

l 2 ag ( 11.6l) 2 17.0 

a 3 * a x S + a 3 = 0.61+6(0.905) + 0.15I+6 * 0.7396 

r _ - a 2 ~ a 3 0.2922 - 0.7396 


a x aj - (a 2 ) 2 0.61*6(0.7396) - (0.2922) 2 

SI * 

'1 “ a 2 - a * C 2 = 0.2922^-^0.7396 * 1,8 9 


= - 1 . 11 + 


3 

S " <-^> - 2 - 

*ec - pffej " - 38,4 

*ci = Tffej = = 41,4 


04 


o.o. EC = c 2 /c 1 * -1.14/1.89 « -0.602 

O-O’CJJ = C 2 /C 3 . -1.14/2.04 - -0.559 


m - Moment Distribution for Unit 
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FEMca = -4E(l +C. Q cAa ^CA 
= -(1+)3(10) 3 [l + (-0.576)] (35 

fem ac = -4e(i + c.o. ac )k ac * ac 
= -(103(10) 3 [1 + (-0-516)] (38 


n. Moment Distribution 
for Unit Lateral Displacement^ 
Case 11 . Consider a unit 
lateral displacement of member 
CD and compute the correspond¬ 
ing moments. 



FEM^ = -4E(l + C.O.^)^ +BC 

= -(4)3(10 ) 3 [l + (-0.602)] (3^ 



FEM C 1 

= _(h)3(lO) 3 [l + (- 0 . 559 )] ( 4 l. 4 )l 44 /ll. 6 l 

= - 2 . 72 ( 10) 6 ft-kips 

o. Summary of P *»«t stances - In¬ 
terior Shear Walls,, From the first dis¬ 
tribution (assume positive direction to 

right): t 

V . 2(1.95 + 1.00X10r/ll-60 

= 509,000 kips/ft 

- [2(1*95 + 1-00(10) / 11 . 60 J + 


r 2(1 .16 - 0.22)(10) 6 /ll-6l]‘ +722,000 u-ps/ft 

From the second distribution: "i 

, [2(0.75 + 3.>.9)(10) 6 /U.6l] + [2(3 .^3 + 0.67X10) /ll.6oj 
= 730,000 + 706,000 * 1,436,000 kips/ft 
„ = 2(3.43 + o. 67 )(io) 6 /h- 6 o = 706,000 kips/ft 


l 4 l 
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Combining the two moment distribution solutions: 


9-25p 


E 3 = *33*3 + k 3 2 x 2 * 509,000 x 3 - 706,000 x 2 

R 2 = K 22 X 2 + K 23 x 3 * 1,436,000 x 2 - 722,000 x 3 

The expressions for H 3 and given here express the resistance 

developed by the interior shear wall as a function of the deflections x 3 
and x 2 at the roof and upper floor levels, respectively. 



p. End Shear Walls. The end 
shear walls have corridor openings 
only in the lower story, hence only 
the lower story is analyzed as a 
bent. However, the shear deforma¬ 
tion in the upper story must be in¬ 
cluded in the shear wall analysis. 


The properties of the individual members are determined so that the re¬ 
sistance functions may be evaluated, 
q. Section F-F. 

0 . 83 ' 


h = H.50 - 0.54 . IO.96 

= clear end wall height in sec¬ 
ond story 

A * (0.83)(48.0) = 40.0 ft 2 


1 


48 . 0 ' 


T 


I -,_ 21 . 0 ' 

3 . 0 ' 

vN 

i . 

<— 0 . 83 ' °'® 3 

-.- L 




” .. A - • : <4 .*. -r\ - 

i 

£ 

*--*| 

t ' 

1 i 1.88 


Building 


r. Section G-G. 

Effective flange width 

b * (h/6) + b' = (22.46/6) + 
O.83 =4.58 ft 

or b = 4t + b ' = 4(0.83) + O.83 
= 4.16 ft 


4.l6 < 4.58 ft, hence b = 4.l6 
y = (21-0) 2 0-83 + (0.83 ) S 3.M „ 9>12 ft 
2 [0.83(21.0) + 0.83(3.33)] 

X CG = (21.0)0.83 p— + (l.38) 2 j + (3.33)0.83 + (3.33) 2 J 

- 678 + 308 = 1,086 ft k 


A w = (21.0)0.83 =17.5 ft 2 
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s. Method of Analysis - — 

Upper Story. Since the upper K ss 

story of the end walls has no 
opening, it will he necessary to 
analyze the end walls in a 
slightly different manner from 
the interior walls. For the first 
case, the holding force will he 
applied at the second floor level and tt 

roof level. 

Since in the previous analyses the 
been considered in the moment distribut. 
the analysis. 

In this case: 


x 


_ H • 

“ AG ' 


E 

G 


= 2.2 ; 


G 


E 

2.2 


R = 


f ,3-^^ 


1W1.0) 

2 


r = 716,000 kips 

jr _ r = 716,000 kips/ft 

* = 4R = 716,000 kips/ft 

'*23 



K„+ K 3 


4 * 

-*an he visualized as consisting of two 
to p story in a similar manner to that 
of the top story discussed above, end 
toe other force acting on the lover 
story causing distortion of the lover 
story members by frame action. 

1^3 


t. Method of A nalysis^ 
Lower Story., For the second case 
the distorting force will he ap¬ 
plied at the second floor level 
and the holding force at the roof 
level. For simplification in 
analysis, the distorting force 
forces—one acting to distort the 


^•Second Floor Level 
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For x 2 * 1.0 ft 

\ - f *2 * I!g j °H ' o^)a^ (1 ' 0) = 7l6 ' 000 

u. Constants for Moment Distribution - Member CE. 

L * 7.5 + 1.5 * 9.0 ft 

X 1 “ ^0 = 0,1665 
x 2 * fi§ = 1,0 

a l * x 2 “ X l = 1,0 ~ * 0.8335 

a g = (l/2)(x 2 2 - x ^) = (l/2) [(1.0) 2 - (O.1665) 2 ] - 0.4861 
a 3 * ( 1 /3)( x 2 3 “ x i 3 ) * (1/3) [(1.0) 2 - (0.1665) 3 ] = 0.3318 

s = - - i^. 06 . 6 ) 2 - . 2 . = 1.685 

LAG (9.0) 17.5 

a.^ = a x S + a 3 « 0.8335(1.685) + O.3318 = 1.737 


C 2 “ 


a 2 ~ a 3 0.4861 - 1.737 


a 1 a 2 ~ (a 2 ) 0.8335(1.737) - (0.486l) £ 


= -1.128 


°1 * °2 * O.Wl 7 - 7 1.737 (- 1 - 128 ) * ^ 


2 a„ + a' 


C 3 v - v^ x - 737 <-!■*» 


c.o. 


2 - 1.128 
CE “ C 3 = 1.52 

C,I 


= -0.742 


o-i 

1.128 


c.o. 


EC 


~T3S5 


= -0.722 


v. Constants for Moment Distribution - Member EF. 

L = 2(11.88) + 6.0 - 29.76 
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X * = 0 .U 00 

1 29.76 

x = = 0.600 

2 29.76 


a;L » x 2 - X;L * (0.600 - O.UOO) * 0.200 

a 2 . d/ 2 )(x 2 2 - ^)- (i/a) - < oW j ■ °- 100 ° 

a 3 - (V3)(^ - X, 3 )- (1/3) [(°-^ 3 - (0 - 400)3 J ' °- 050 “ 

IE (5.62)2.2_ _ 0.OOI86 

“ 5 — “ ..2 “ 


L 2 AG (29.76) 7*5 

su - a* _ (0,100 - 0.05103.1 


». . a s + a, - 0.200(0.00186) + 0.05<*6 - 0.05103 
3 1 8 


216.0 


3 2 * - (a 2 ) 2 0.200(0.05103) - ( 0 . 10 °) 

*4 0.05103 (216) =* 226.0 

C. - - J '-rr c 2 = 0.100 - 070510 


1 

*2 

C,I 


C i I 2l6(5-6g) = 10.2 
Kef *Tl MW 

°2 , 2l6_^0 0.955 

C - 0 ‘EF = C^ 22^0 

Modification for sntis^trical loai^: 

j. . (1 + c.0. )K * (1 + 0.955)10-2 - 19-95 

Dlstrlt " 4 " 1 rtT1 for Unit lateral 

~Dlspla-ca men ^' ~ ^ 3ver StoI X- 

FIMgp = -^E(l + C'O'ic^KeC *EC 

. -^) 3 ( 10) 3 [1 + (- 0 . 722 )]( 50 .l)l^(l- 0 )/ 9-0 

= -2.67(10) 6 ft-kips 

FEM^ = -4E(1 + 0.0.^g)^ 

, _( 4 ) 3 (l 0 ) 3 [l + (- 0 . 7 ^ 2 )] (U 5 

, -2.27(10 f ft-kips 
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R£ = 2(3.65 + 0.76}(l0) 6 /9.0 = 980,000 kips/ft 
Taking into account shear distortion above opening on lower story 


x* = — = ( 980 , 000 ) 4 . 0 ( 2 . 2 ) 

2 m 0 . 83 ( 48 . 0 ) 3 (l 0 ) 3 l 44 ' 
x 2 = 1.0 ft + x^ = 1.0 + 0.497 


0.497 ft 
= 1.497 ft 


Thus for a one-foot deflection at the second floor level 
R L * = 855,000 kips/ft 

Combining lower and upper distortion forces 


9 - 25 x 


^22 * F 2 U + F 2 I * 716,000 + 655,000 kips/ft = 1,371,000 kips/ft 

“K^2 = -F 2u = - 718,000 kips/ft 

x. Summary of Resistances - End Shear Wall. 

Combining distributions: 

R 3 = * 33*3 + K 32 X 2 = 116 ’ 000 x 3 " 116 > 000 x 2 

R 2 = *22*2 + *23*3 ~ 1# 871 ,000 Xg - 716,000 x 3 


y- Summary of Total Resistances of Entire Building. The entire 
building consists of four interior shear walls plus the two end shear 
walls. In order to perform a shear wall analysis on the entire building, 
the values are combined below taking into account a reduction of one-half 
for the resistance of the end shear walls. 

R 3 = [M509,000) + §(716,000)] x 3 - [4(706,000) + §(716,000)] x 2 
R 3 - 2,752,000 x 3 - 3 , 540,000 x 2 

R 2 = [M^^38,000) + §( 1,371,000)] Xg - [ 4 ( 722 , 000 ) + §(716,000)] x 3 
= 7,115,000 Xg - 3 , 604,000 x 3 

9-26 SHEAR WALL ANALYSIS. Utilizing the resistance functions obtained in 
paragraph 9-25 (table 9 * 39 , page 153), a. dynamic analysis was performed in 
order to determine the lateral displacements of the shear walls. These 
displacements are necessary to obtain shear and moment values in the wall 
elements so that proper reinforcement can be provided (par. 9-29). The 
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. _ -resistance values which are 

shear wall analysis also determines spec glab deS ign (par. 

utilized in the deep bean analysis of roo 


9-28) and wall design (par. 9-29)- . ^ division of the total 

a - Computation of Masses shear analysis is 

structure mass into three separate par occurs 

+-he division between m ana 

made in the following manner: the ax second 

— heteeen - top 0 f the Poottns ^ top 

floor; the division between ^ 811 ®3 The masses m_ and 

OP the second PPoot and the — - ^ J oh- 

mg are computed in tables 9.36 and 9 - 3 T> 
tained by subtraction from the total mass. 
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nig = 50-71 kip-sec /ft 

m^ = 36.06 

= m - mg - = 188.96 - 50-71 - 36.06 * 102.19 kip-sec^/ft 

The location of the centroid of each mass (m^, m^, and m^) is also 
computed (tables 9-38 and 9-37) for further use in the determination of ac¬ 
celerations of masses m £ and m^ , and for use in a dynamic simultaneous 
overturning and sliding analysis. 

Measuring distances from the base of the footing 


26.0 - 1.46 - 24.54 ft 


y 2 = 7.43 + 12.54 - 5.97 


= 14.0 ft 

Vl + m 2 y 2 + m 3 y 3 


my 


6.60' _ | _ 6.60' 

5.48’ 1 5.48' 

r 24 . 

25!___ J 


13.20 


10.96 


14,0' 


y i = 


my - m 2 y 2 


my 

_3l3 


HU 


my * 1,770 (table 9.31) 
=• ( 50 . 71 ) 14.0 * 712 

m^y^ = (36.06)24.54 - 885 


_ 1,770 - 712 
102.19 

= 1.69 ft 


y l = 


885 


1 1 


7.44' 


12.54' 


6 . 02 ' 


1.46' 


b. Computation of Accelerations x 2 and x^ . Using the accelera¬ 

tions x q and a Q obtained from the rigid body overturning and sliding 
analysis (table 9-35) the acceleration at and m^ will be obtained 

for use in a preliminary shear wall analysis. 

x 0 = x + l4.0a 

2 p o 

x_ = x + 24 . 54 a 

3 o Q 

c. Dynamic Analysis. The shear wall behavior is obtained by per¬ 
forming two simultaneous dynamic analyses by numerical integration. These 
dynamic analyses are performed in table 9-39- The column headings and 
notations used in this table are outlined below. Various quantities are 
computed in the dynamic analysis to determine the points at which the 
resistance functions should be modified. This is accomplished in 


l48 
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0 

0.0025 

0.005 

0.0075 

0.010 

0.0125 

0.015 

0.0175 

0.0200 

0.0225 

0.025 

0.0275 

0.030 

0.0325 

0.035 

0.0375 

0.040 

0.0425 

0.045 

0.0475 

0.050 

0.0525 

1 .055 
.0575 
1.060 
>.0625 
).o 65 
).o 675 
1.070 
1.0725 
0.075 
0.0775 
0.080 
0.0825 

O.085 

0.0875 
0.090 
O .0925 


(ft/sec ) 


19-9 

22.8 

18.2 

13.8 

12.5 

6.8 

3-6 

1.2 

- 1.3 

-3.2 

- 5-13 

-6.67 

- 2.55 

-6.90 

- 7-9 

+3.1 

-t6.8 

+ 12.6 

+ 11.5 

+12.7 

+ 13*3 

+ 11.8 

+ 10.0 

-( 8.7 

-( 6.8 

+4.0 

+ 3-4 

-4.9 

- 10.4 

-16.2 

- 22.8 

-30.0 

- 37-3 

- 43.0 

- 51-3 


Table 9.38. Acceleration of m 2 <™ d m 3 _ = 


X 2 

( r adiaWsec‘) | («/se= 2 ) 


1.25 

2.52 

2.47 

2.38 

2.19 

2.06 

1.84 

1.58 

1.28 

0.97 

0.62 

0.27 

-0.73 

- 1.12 

- 1.78 

- 2.55 

- 3.24 

- 3-88 

- 4.24 

- 4.62 

- 4.92 

-5.06 

- 5.11 

- 5.04 

- 4.86 

- 4.55 

-4.26 

- 3*70 

- 3 .i 4 

- 2.53 

- 1.86 

- 1.12 

- 0.40 

+ 0.34 

+1.10 

-0.30 

-0.36 

- 0.44 

- 0.44 
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9 - 26 c 


table 9.40 which serves as a work sheet for table 9*39- The resistance 
functions necessary for table 9*39 are computed in paragraphs 9-25 and 
9 - 26 e, f, g, h, i, j. 

Using acceleration impulse extrapolation method (par. 5-08d) the fol¬ 
lowing equations define the numerical integration operations: 


(x £ ) t , n + ! - 2(Xg) t = n - (x 2 ) t = n 
( x 3 ^t * n + 1 “ 2 ^ X 3 ^t *. n ^ x 3 ^t = n 


1 

1 


+ (X 0 J, 

' 2 net t * n 

+ (x_ ) 

3 net t = n 


(Atf 

(At ) 2 


Use At = 0.0025 sec (same time interval used for rigid body analysis) 


where 

x = relative lateral acceleration of mass 

2 net 


X = relative lateral acceleration of mass 

3 net 



P = blast load on mass m consisting of net lateral wall slab re- 
actions obtained from dynamic analyses of front and back wall slabs 
(tables 9.29 and 9.30) = 156 . 8 ( 2 )(V 2n - Vg) 

P = blast loads on mass mu consisting of net lateral wall slab re- 

3 3 

actions obtained from dynamic analyses of front and back wall slabs 

(tables 9.29 and 9.30) = 156.8 (V^ - 

r^ = resistance function, expressing resistance of the structure act¬ 
ing upon m 2 in terms of displacement of masses mp and m^ . 

This resistance function will change as various shear wall members 
exceed their elastic stresses. For completely elastic behavior, 

R 2 = 71.15(10 ) 5 x 2 - 36.01(10)^ x 3 (par. 9-25y)- At time t = 0.025, 
members AB, CD, and wall element CE of the interior shear wall be- 
come plastic, and Rg = 5,900 + 13*7l(lO) x 2 " 7«l 6 (10) X 3 . At 
time t = 0 . 030 , the first-story members of the end shear wall be¬ 
come plastic, and Rg = 10,020 + 7-16(10)^ Xg - 7-16(10) x^ . At 
time t * 0 . 050 , the first-story shear wall members in both interior 
and end shear walls return to the elastic range, and Rg * - 15,310 + 
68.31Xp - 39.46x 3 . At time t = 0.0550, the first-story wall 
members are again in the plastic range, hence Rg = 4,350 + 

7-l6(lO) 5 Xg - 7 - 16 ( 10) 5 x 3 . 

150 



R„ 


» ,»—•< ""r,. «. 

function will change as various 

elastic stresses. *- ^. o.«. —• ». 

H 3 = 27.52(10) *3 - 35- interior sheer vail become plsstic, 

CD, and vail element CE of t _ At time t - 0.030, 

end Rj = 2,180 + *3 shear Jn become plastic, and 

the first-story members of At time t » 0 . 050 , the 

E . 2,160 + 7 . 16 ( 10 ) *3 - 7-1 interior and end shear vails 

first-story shear vail members in o ^ + ^ ^ . 32.86 x £ ■ 

return to the *****^ Be *ers „ again in the 

At time t = 0.0550, tne m g x . 

v - k 876 + T-l6 *q " l‘ ±0 x 2 

plastic range, hence *3 “ > on The terms used as 

^ dynamic analysis is *-£££? b^v: 

olumn headings in the tabulation « seco nd floor wall slab ob- 

v . net lateral slab reaction at top of secon ^ 

C tained by subtracting V, value (table 9-30) 

(table 9* 2 9)- - roof s iab over wall 

V = blast pressure on edge o 

(P front - W ' °' 077 (PfrOTt ’ PbaCk) 

_ p from figure 9- 3*0 
(Pfront back 

o-t •hop of slaear vb.11 

P = total blast load on mass *3 

= 156-8 <y c + V , level, consisting of 

v = net lateral reaction at seco ta hles 9-29 and 9 - 30 , 

%, v _ v ). These values are obtained 

^v v 2n 2 

respectively• 


„ miessure on edge of second floor slab 

f V ) 

O.U 6(l^) (p - P. a - M ) = °*°^ ^ P front back 

__ fer -(P froBt bach a t top of shear vail 

P = total blast load on mass 

r 2 „ N 


1 156.8 (v e - v f ) 


OO.U v* e -f' V 

P _ resistance function (par. 9'^) 

3 ' 
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9~26d 



« acceleration of mass 


"3 


without considering rotation of 


huilding 

#3 = acceleration of top of shear wall from rigid body overturning 
analysis (table 9*38) P - R 

x . — relative acceleration of mass nu « —^—— - jL 


x- » displacement of mass m„ 

3 3 

P 2 “ R 2 

- * acceleration of mass m„ without considering rotation of 

nig 2 

building 

Hg = acceleration of mass mg from rigid body overturning analysis 
(table 9 * 38 ) 

5c_ . = relative acceleration of mass nu 

2 net d 

Xg = displacement of mass nip 

(Rg + R^) - load on first-story shear wall panels 

Maximum value for R^(7 j 046 kips) occurs at t * 0.0550 sec 

Maximum value for Rg(9>853 kips) occurs at t » 0.0450 sec 

From the analysis in table 9.39 the maximum second story relative 

deflection (x^ - Xg « 0.00435 ft) is reached at time t * O .0325 sec and the 

maximum first story relative deflection (xg « 0.02195 ft) is reached at 

time t - 0.085 sec. These correspond with deflections of x.. - x,. >= 0.00310 

3 d 

ft and Xg = 0.00520 at time t = 0.0250 sec when the first cracking of the 
shear walls occurs (par. 9~26d). The allowable maximum deflection as a 
function of the deflection at the time when a wall first cracks is given by 
equation (4,53) jj> u * 24 — & c « 24 & c ” 15 & C ,J • As this criteria 

is satisfied . 1.4 < 15 and „ 4.2 < 15 ] the 10 -in. shear 

walls which are assumed for the preliminary analysis are satisfactory. 

d. Modification of Resistance Functions for Table 9»39- In U ie 
analysis of the shear walls, the resistance of the various members will not 
increase after the maximum shear stress is exceeded. Table 9.40, which is 
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used as a work sheet in conjunction with the dynamic analysis in table 
9 . 39 , indicates the moment resistance developed in the shear wall members 
at each time increment. These moment values are used to determine the 
point in the dynamic analysis (table 9 - 39 ) when the shear is exceeded and 
at which the resistance functions will change. The terms used as column 
headings are discussed below: 

Xg * displacement of mass m 2 from table 9*39* 
x^ = displacement of mass m^ from table 9*39* 

For interior walls: 

M. * moment at end of member AB. Limiting value of moment is ob- 

HD 

tained by determining the moment existing at the end of the member 
when the shear stress is 600 psi. A shear stress of this magnitude 
requires about one percent of web reinforcement (eq U. 2k &) which is 
a practical upper limit for shear reinforcement. 

If v * 600 psi: ' 

v ” vb ^ d * 1^0 10 (b) 45 = 236 kips 

„ 2 moment 2 M 

V „ —— « 236 - 3 ^ 

M * 3,600 ft-kips 

The moment existing at any time t is obtained from the moment 

distributions in paragraphs 9-25m and 9-2‘5n. For a unit deflec- 

6 6 

tion, - 1.0(10) x 2 - 0 . 67 ( 10 ) x^ . 

M™ * moment at end of member CD. For limiting elastic value, 

L/JU 

where v = 600 psi (practical upper limit) 

V = vbjd = log) U 5 » 236 kips 

TT 2 moment 2M 

V =- *= 230 — 

span 31-3 l 

M = 3,700 ft-kips 

The moment existing at any time t obtained from moment distribu¬ 
tions (par. 9 - 25 *& and 9 - 25*0 is, for a unit deflection, 

M cd =* 0 .49(10 f x 3 + 0 . 06 ( 10) 6 x 2 . 

Mgp * moment at end of member EF. For limiting elastic value, where 
V a 600 psi 

V - vbjd * ( 600 ) 3og) 33 - 519 kips 
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9-26dL 


519 


span 

M » 8,360 ft-kips 


The moment existing at any time t obtained from moment distribu¬ 
tions (par. 9-25m and 9-25n) is for a unit deflection, 

Mef * °‘ 22 x 3 + 0-75 x 2 . 

R 3 * resistance acting upon mass m^ obtained from paragraph 9-250 
where, for one interior wall, ^ * 5.09(lO) 5 x 3 - 7.06(l0) 5 x g 
The resistance acting upon mass is also equal to the resist¬ 

ance developed in the second-story shear wall, mien first cracking 
occurs, f c - 0.1f* c » 390 psi (eq 4.54). 

V * vbd - (390)10(20.5)12 * 960 kips 
Thus, for two wall elements AC and BD, the limi ting value is 
2(960) * 1,920 kips 

” resistance acting upon mass nv, obtained from paragraph 9-250 
where, for one interior shear wall, R 2 « 14.36(10) 5 x - q 

7.22(X0 ) 5 x . " 2 

B 2 + r 3 

2 » resistance developed in first-story shear wall element, CE 

or DP. When cracking occurs v - 390 psi. Hence, limiting value 
equals V * vbd - (390)10(20.5)12 « 960 kips 

For end walls: 

^3 11 resistance acting upon mass obtained from paragraph 9-25x 

where, for the exterior wall, ^ - (|)[7.l6(lO) 5 x 3 - 7-l6(lO) 5 xj. 
The resistance acting upon the mass is also equal to the re¬ 

sistance developed in the second-story shear wall. When cracking 
occurs, v = 390 psi, limiting value, 

V =• vbd « (390)10(48)12 « 2,250 kips 

Rg “ resistance acting upon mass obtained from paragraph 9“25x 

where, for one end shear wall, R g « (|) [13 .7l( 10 f x g - 7-l6(l0)^x ] . 

R 2 + r 3 L 3J 

* resistances developed in first-story shear wall element, CE 

or DF . When cracking occurs, v ~ 390 psi; hence, limiting value 
equals V * vbd « (390)10(20.5) 12 & 960 kips 

• moment at end of member EF. For l imi ting elastic v alu e, 
v * 600 psi (practical upper limit) 
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9 - 2 . 66 , 


M « 8,360 ft-kips (same as Mgj, for interior wall above since 
dimensions are the same ). 

The moment existing at any time t obtained from the moment dis¬ 
tribution (par. 9-25u) is 7.6(10)^ • 

From table 9-40 the following resistance modifications were made. 

At time, t - 0.025 the shear in member AB of the interior wall is exceeded 
as indicated by moment values (3,788 > 3,600); however, the change in re¬ 
sistance of the interior wall is not made until the shear is exceeded in 
all portal members or a wall member. At time t = 0.0250 the shear stress 
in member CD is exceeded as indicated by moment values (4,3 [0 > 3, TOO) and 
the shear in the lower wall is greater than first cracking value (1,020 > 
960). The resistance of the lower shear wall is considered constant (at 


Table 9 . 40 . Criteria for Resistance Modification 
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Kn 

I WilliH 
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. .... j. 

AC 
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Oh 
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K 
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X 2 

*3 

m ab 


m cd 
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«KF 

(sec) 

(10" 5 ft) 

(10" 5 ft) 

(ft-kips) 
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(kips) • (fcipn) 
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l # 


7^5; 


2,980 

0.040 
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1 
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( ) Indicate use of elastic resistance relationship. 
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first cracking value of 960 kips) as the wall deforms into the plastic 
range. New resistances are computed in paragraph 9-26e. 

At time t = 0.030 the shear in the lower end wall is greater than 
first cracking value (1,030 > 960). New resistance values are computed in 
paragraph 9-26f. After an element is considered to he in the plastic 
range, the possibility of reversal to the elastic range still exists at 
which time a new resistance function must be obtained. In order to de¬ 
termine when this return to the elastic range exists, a value of. shear is 
computed using the original elastic equations and is placed in parentheses 
in table 9.40. If this elastic value at time t = t Q is less than the 
elastic value at time t = t n , a reversal occurs and new resist an ce func¬ 
tions are computed. 


At time t = 0.0500 the first-story shear walls (members CE) return to 
the elastic range (2,355 < 2,535 and 1,625 < 1,670), hence, new resistance 
functions are computed in paragraph 9-26i. 

At time t = O .0575 the first-story shear walls have become plastic 
again, hence, require revised resistance functions (par. 9-26f). 

From time t = 0.0575 to the end of the analysis the same resistance 
function is used; however, member AB In the interior shear wall i ndi cates 
a reversal to the elastic range at time t = 0.060 and at time t = 0.090. 


These portal members are considered to be effective in a change in re¬ 
sistance function only if three members (AB, CD, and EF) change to the 

elastic range. 


(K 33 ) 


(■K32) 


(-K23) (K 22 ) , 


f K M +K„ 


| K22+K3; 


e. Resistance Func¬ 
tion (t = 0.0250) for 
Table 9 .39- At t = 0.0250 
the shear capacity in mem¬ 
bers AB, CD, and the first- 
story shear wall CE Is ex¬ 
ceeded, hence, new resist¬ 
ance factors must be computed for the interior shear wall. 

Since the interior shear walls will offer no further resistance after 
t = 0 . 025 , the resistance for the entire building will be computed as 


Case I 


Case n 


follows: 
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For x 2 = 520 . 0 (l 0 )" 5 ft; x 3 - 830.0(l0)“ 5 ft 
R 3 = 27.52(H)) 5 x 3 - 35.4(10) 5 x 2 

- (27.52)830 - (35.4)520 * 22,800 - l 8 , 4 oo * 4,400 

For t < 0.0250 

R 3 - 4,400 + 7.l6(l0) 5 jx 3 - 830.0(H))" 5 ] - 7.16(10) 5 jx 2 - 520(l0)~ 5 ] 

- 4,400 + 7.l6(l0) 5 x 3 - 5,940 - 7.16(10)^ x 2 + 3,720 

* 2,180 + 7 .l 6 (lO) 5 x 3 - 7.16(H)) 5 x 2 
At t = 0.0250 

R 2 « 71.15(10) 5 x 2 - 36.01(10) 5 x 3 

* 71.15(10) 5 520(10)“ 5 - 36.01(10) 5 830(10)' 5 

= 7,100 

For t > 0.025 

R 2 * 7,100 + 13 . 7 l(lO) 5 jx 2 - 520 ( 10 )' 5 ] - 7 . 16 (H)) 5 |x 3 - 830 ( 10 )" 5 ] 

- 7,100 + 13.71(H)) 5 x 2 - 7 ,i 4 o - 7-16(10) 5 x 3 + 5,940 
= 5,900 + 13.71(H)) 5 x 2 - 7.16(H)) 5 x 3 

f. Resistance Function (t = 0 . 030 ) for Table 9 - 39 - At t = 0.030 the 
first-story end shear wall becomes plastic, hence requires new resistance 
function for entire building. 

End wall resistance: 

R 3 “ K 33 6 3 + K 32 5 2 = 716,000 x 3 - 716,000 x 2 

R 2 « 5 2 + & 3 = 716,000 x 2 - 716,000 x 3 

For entire building: 

At t = 0.0300 

R 3 = 2,180 + (7.16)1,048 - 7.16(626.57) - 5,200 
R 2 - 5,900 + (13.71)626.57 - ( 7 - 16 ) 1 , 048.0 = 7,000 

At t > 0.030 

r 3 = 5,200 + 7-l6(io) 5 |x 3 - l,o 48 (lo)“ 5 ]- 7-l6(l0) 5 [x 2 - 626 . 57 ( 10 ) 5 ] 

- 5,200 + 7.16(H)) 5 x 3 - 7,520 - 7.l6(lO) 5 x 2 + 4,480 

= 2,160 + 7.16(H)) 5 x 3 - 7.16(H)) 5 Xp 

R 2 = 7,000 + 7.16(H)) 5 jx 2 - 626. 57 ( 10 )“ 5 j- 7 -l 6 (iO) 5 jx 3 - 1 , 048 ( 10 )“ 5 J 

- 7,000 + 7.i6(io) 5 x 2 - 4,480 - 7.l6(10) 5 x 3 + 7,500 

* 10,020 + 7.16(H)) 5 x 2 - 7.16(10) 5 x 3 

g. Resistance Function (t = 0 . 0500 ) for Table 9 - 39 - At t * 0.500 
the elastic resistance check (table 9 - 4 o) shows that the stress in the 
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Yk zz +k 3 


lower shear wall elements __ _ , 

in both interior and ex- f 1 , K . , K \ ( ’ Ks: 

c 0 _j J^3> ( 3i^L_ j 

terior walls have reversed * D j 7 

so that the resistance E ,| (- : -;v 

[ K 33 +K 23 f [ K 22 +K 3 

functions must be recal- case i case re 

culated, taking into account the new elastic resistance of these elements. 

h. Moment Distribution - Case I 
-1 (t = 0.0500). 

536§§ ! i- Moment Distribution - Case II 

H • +1 I +1 . % - 

(t » 0 . 0500 ). 
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?l^ TS.oI j *' rom case II distribution: 

?|$? ±S|I ^22 = 2 [ 3 * 73 (lO)^ + ( 3*73 + 0.45 )(l0)^j/ll.6 

HmU- 1 = 1 , 366,000 

-K32 = ( 2 ) 3 . 73 ( 10 )^/ 11.6 = 644,000 
Resistance function for one interior shear wall (members AB and CD 
plastic) 

R 3 = ^ x 2 = 434 ,000 x 3 - j 4 0 I -1 

644,000 x 0 fslssiss j 

£- ro cacvj 66 j 

* ^22 x 2 + ^23 x 3 ~ 1^3^6,000 Xg - si £ 

806,000 x 0 if Bui , ldin9 

f0j|cvjcsjnoiocsj — 

J OO 0^<Vi uo j 

At t * 0 . 0475 , using previous resistance func- +II+°|$^L$J ! 

tions for entire tulldln* KO-j 
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- 9,040 1 

For entire building, resistances for times less than t = 0.0475 will 
be calculated using the original elastic expressions for the end wall and 
the new expression calculated for plastic members AB and CD above. 


From case I distribution: 

K 33 « ( 2 ) 2 . 52 (l 0 ) 6 /ll .6 = 434,000 
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r 3 = 3,136 + (4)1+33,000jx 3 - i,i 64 .i(io)' 5 ] + 

§(716,000) Jx 3 - l,l 64 .i(io)" 5 ] - ( 4 ) 644 , 000 Jx £ - 1,027.5(H) -5 ] - 

§(716,000)|x 2 - 1 , 027 . 5 ( 10 )" 5 ] * 3.136 + 17 - 3 ( 10 ) 5 x 3 - 20,200 + 

7.16(H) 5 x 3 - 8,350 - 25.7(H) 5 x 2 + 26,400 - 7.l6(lO) 5 x 2 + 7,360 

r 3 * 8,346 + 24 . 46 (l 0) 5 x 3 - 32.86(lO) 5 x 2 

R 2 = 9,o 4 o + (4)1,366,000[x 2 - 1,027.5(10)~ 5 ] + 

§(1,371,000)[x 2 - 1 , 027 - 5 (H)" 5 ]- ( 4 )(806, 000 ) [x 3 - I,l 64 .l(l 0 )“ 5 ]- 

§(716,000) [x 3 - l,l 64 .l(io) 5 ] « 9 ,040 + 54 . 6 ( 10 ) 5 x 2 - 56,200 + 

13.71(H)) 5 x 2 - 14,100 - 32.3(H)) 5 x 3 + 37,600 - 7.16(H)) 5 x 3 + 

8,350 = - 15,310 + 68.31(H)) 5 x 2 - 39.46(H)) 5 x 3 

0 * Resistance Functions (t = 0 . 0579 ) for Thble 9 - 39 - At t = 0.0575 
the shear vail deflections are of such magnitude that the lover vail ele¬ 
ments are again in the plastic range and nev resistance functions must be 
found for the entire building. 

At t = 0.0550 

r 3 = 8,346 + 24 . 46 (H )) 5 x 3 - 32.86(H)) 5 x 2 = 8,346 + 24.46(1,329.6) - 
(32.86)1,026.3 = 7,046 " 

R 2 = - 15,310 + 68.31(H)) 5 x 2 - 39 . 46 (io ) 5 x 3 = - 15,310 + 
68.31(1,026.3) - (39-46)1,329.6 =2,190 

For t > 0.0550 (all members plastic except second story of end vail) 

r 3 = 7,o46 + 7.16(H)) 5 jx 3 - 1,329.6(10)“ 5 ] - 
7.16(H)) 5 jx 2 - 1,026.3(H)- 5 ] = 7,046 + 7.l6(io) 5 x 3 - 9,520 - 
7.16(H)) 5 x 2 + 7,360 = 4,876 + 7.16(H)) 5 x 3 - 7.16(H)) 5 x 2 
r 2 = 2,190 + 7*16(10)5 [x 2 - 1,026.3(10)” 5 J - 
7.16(H) 5 jx 3 - 1,329.6(H) -5 ] = 2,190 + 7.16(H)) 5 x 2 - 7,360 - ■ 
7 . 16 (H) 5 x 3 + 9,520 * 4,350 + 7.16(H) 5 x 2 - 7.16(H) 5 x 3 
9-27 DYNAMIC OVERTURNING AM) SLIDING ANALYSIS, a. Dynamic Analysis. 

The rigid body overturning and sliding analysis performed in paragraph 9 - 24 e 
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is necessary in order to obtain the accel- |V 

erations of various portions of the struc- __ 1_ 

_ F f 3-► + m 3 ■*- F b3 

ture. These accelerations are used in the 
preliminary investigation of the shear walls 

(par. 9 - 25 ). A further refinement in the Ff2 *1 -t,.™ 2 - 1 ** Fb2 

design would include a dynamic overturning 

and sliding analysis (par. 9-06c) in order Ffl * ] +m, F »' 

"to consider the effect of the relative limq y 

lateral displacement of masses m^ and 

upon the overtiming of the structure. This dynamic analysis is not per¬ 
formed in this particular example; however, the procedure for performing 
"this is explained below. The forces acting on the structure are shown in 
■the above sketch. 

The masses and centroid locations can be obtained from paragraph 
9-26a. The dynamic analysis can be performed by a concurrent numerical in¬ 
tegration of equations ( 9 * 8 ), ( 9 * 9 )* ail d ( 9 * 10 ). When sliding does not oc¬ 
cur, equation (9.11) will be used in place of equation (9*8). 


M Q - (F. - B^)y 3 - (F g - R 2 )y 2 - (^ - R^ 


~ *3*3 ' m ° 7c 


Vi 


(eq. 9 * 8 ) 


-Vi 


(eq 9 * 9 ) 


f 2 -r 2 


- (x Q +a Q y 2 ) ( e i 9*io) 


- (*o + a o y 3 ) (el 9*10) 


M q - (F 3 - R 3 )y 3 - (F 2 - R 2 )y 2 

,22 


“ m 2 y 2 


(eq 9 * 11 ) 


The description and location of terms in this example to be used for 
the analysis are described below: 

M * moment of all external forces about axis of rotation 

* (Ff3 _ F b 3 )yf3 + ( F f2 " F b2^ y f2 + ^ F f 1 ~ F bl^ y fl " F p y p ~ B9 
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9 - 27 a 


7 ^ * front wall slab reaction at roof level (table 9.29) 

F^ * hack wall slab reaction at roof level (table 9.30) 
y f3 * vertical distance from axis of rotation to location of wall 
slab reactions at second floor level 
y f2 * vertical distances from axis of rotation to location of wall 
slab reactions at second floor level 
y fl » vertical distance from axis of rotation to location of wall 
slab reactions at first floor level 
Ff 2 * front wall slab reactions at second floor level (table 9.29) 

F b2 » back wall slab reactions at second floor level (table 9.30) 

* front wall slab reactions at first floor level (table 9.29) 

Fp a passive resistance of earth (par. 9 ~ 24 c) 

B 0 » moment of earth resistance due to overturning (par. 9 . 24 b) 

® summation of external horizontal forces applied to the structure 
at mass m^ « (F f ^ - F^) 

^l r ^ 2 J E 3 ** internal shear wall resistance acting on mass m^, 
m^ (table 9.39) 

y 2 > * distance from centroid of mass m^ and to axis 

of rotation. 


F 2 « summation of external horizontal forces applied to the structure 
at mass * (F f£ - \ 2 ) 

F, » summation of external forces on mass m, » F -F -F 
1 1 fl bl o 


[img - |aV 


I Q * polar moment of inertia (table 9.13a) 
x q * horizontal acceleration of axis of rotation "o" 
x 2 * horizontal acceleration of mass 
x^ a horizontal acceleration of mass m^ 

Using the acceleration impulse extrapolation method (eq. 5 . 49 ), values 
for 9 , x q , x 2 , and x^ can be obtained by the consecutive application of the 
following numerical equations: 


n + 1 


n - Mt 


n - 1 


+ <“A = n 


<*cA . n +1 “ S < x o>t . n ' ( x o>t - n - 1 + - n (at) 
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( x 2 \ « n + 1 * 2 ( x 2^t « n“ ^ X 2^t * n - 1 + « n 

^ X 3^t * n + 1 * 2 ^ x 3^t « n" ^ x 3^t * n - 1 + ^ x 3^t « n ^ At ^ 

The rotation of the building Q can then be used for investigation of 

soil pressure due to overturning, and values of x^ and x^ can be used to 

determine shear wall resistances which are developed during the overturning 

ajid sliding action. 

4 * Soil Pressure Investigation. In order to determine maximum and 
m i nimu m soil pressures at front and rear wall footings it will be necessary 
to summarize the dynamic reactions on these elements. Since a portion of 
tlie building has been considered to offer no resistance to overturning it 
will be necessary to consider only those footings of the portion of the 
building which rotates. 

Area of footings of rotating portion of building: 

Front and rear wall footings * 2(2.5)158.5 « 792 ft 2 

Shear and end wall footings = 6 ( 2 . 5 ) 44.75 * 672 ft 2 

Attached column footings * 20(2.67)1.67 * 89 ft 2 

Total area * 1,553 ft 2 

c. Dead Load Soil Pressure. Mass of overturning elements of build¬ 
ing is obtained from table 9 * 32 . This is tabulated below: 


Front wall 

s 

15.05 

Rear wall 

SB 

15.05 

End walls 

SB 

8.50 

Shear walls 

SB 

16.05 

Roof slab 

SB 

12.12 

Transverse roof girders 

SB 

0-95 

longitudinal roof girders 

SB 

0.56 

Second floor columns 

SB 

0.94 

Second floor slab 

S 

9.90 

Transverse second floor girders 

SB 

0.71 

longitudinal second floor girders 

SB 

o .57 

First floor columns 

» 

1.12 

Attached footings 

SB 

0.34 

Front and rear footings 

s 

3.08 

Shear and end wall footings 

SB 

7-75 

Occupancy load - second floor 


2.15 

Occupancy load - first floor 

m 

2.15 


Total mass « 87-99 kip-sec /ft 


W - mg * (87.99)32.2 « 2,830 kips 
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9 - 27 d 


To the above tabulation will be added the weight of soil and slab 
directly above that portion of the footings which participate in the 
rotation. 



Dimensions 


Volume 

Weight 


(ft) 


(cu ft) 

(kips) 

Earth above shear wall footings 

* 4 ( 1 . 67 ) 1 . 67 ( 46 . 0 ) 

m 

512 = 

51.2 

Earth above end wall footings 

* 2 ( 0 . 83 ) 1 . 67 ( 46 . 0 ) 

as 

127 * 

12.7 

Earth above front and rear wall footings * 2(0.83)1.67(156.0) 

ss 

432 * 

43.2 

Slab above shear wall footings 

» 4 ( 1 . 67 ) 0 . 5 ( 46 . 0 ) 

- 

154 * 

23.1 

Slab above end wall footings 

* 2 ( 0 . 83 ) 0 . 5 ( 46 . 0 ) 

as 

ft 

CO 

ro 

5.7 

Slab above front and rear wall footings * 2(0.83)0.5(156.0) 

as 

129 - 

19.4 

Total dead load = 2,830 + 155 = 




155-3 

2,985 kips 




Average dead load soil pressure 

= '- 1^2 ~ 1 * 9 20 kips/ft 




d. Blast Load Soil Pressure. The blast load soil pressures will con¬ 
sist of a pressure due to vertical blast loads and a pressure due to rota¬ 
tion of the structure. It is necessary to determine the vertical blast 
load on that portion of the building which is considered to rotate. This 
will be obtained by subtracting the blast load on the portion of the struc¬ 
ture not rotating from the total blast load. 


Portion of Total Vertical Blast 
Loading Acting upon Non- 
rotating Part of Structure 

l6 "a" edge slab reactions 

l6 "b" edge slab reactions 

8 bays of corridor slab plus blast 


load directly on girders 


872 (l 44 )P 


roof 


1,000 


125 P 


roof 


Soil pressure due to overturning 


0 Bc 
“ I 


Net Vertical Blast Load 
upon Rotating Part of 
_ Structure _ 

52 - 16 - 36 v A 
52 - 16 - 36 v B 


307 - 125 


182 P 


roof 


c = distance from axis of rotation to center of front or rear 
wall footing = 23.7 fjt ~ p -i 

1 * 6 (^) 2 -5(^-75) 3 + 2 p £ ~ - £l--^ 398 ( 23 . 6 ) j = 552,165 ft 1 
Overturning pressure = = 4.30(10)”'’ 0 B 
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e * Summary. These soil pressures are summarized in table 9 . 4 l. 
Maximum pressure (occurring at t = O.O525) = 22.31 kips/ft 2 . This indi¬ 
cates satisfactory footing design since 22.31 < 30.00 kips/ft 2 . A negative 


pressure or tension develops on the opposite side of the building. This 
is considered to be zero pressure vhen analyzing the walls as deep beams. 


Table 9.41 . Summary of Earth Pressures 



FLQ0R SLAB DESIGN (Deep Beam Action), a. Roof Slab 


Analysis. Using the resistance 
^values R^ obtained from the pre¬ 
liminary shear vail investigation 
(table 9.39) as concentrated loads 
spplisd to the roof slab acting as 
deep beam it is possible to obtain 
■the equivalent uniform load acting 
on the slab required to develop 
this resistance. 



b. Loads on Roof Slab. 

1 

Maximum R^ * 7,046 kips (table 9 . 39 , t = 0.0550 sec) 
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9-28c 


Uniform load = = 45.2 kips/ft 

The distribution of this uniform load to tlie roof slab will be deter¬ 
mined by proportioning the load in accordance with relative resistance of¬ 
fered by end and interior shear walls. 

In order to determine relative resistance of end and interior shear 
walls it will be necessary to first determine resistance of the end walls. 

The resistance of the end wall at the time of the maximum total re¬ 
sistance is: 

* 7 -“ 7-l6xg (par. 9-26d) 
x 3 = 1,329.6(10)~ 5 ft (table 9.39) 
x 2 “ 1^026.3(l0)~^ ft (table 9.39) 

R^ * 2,175 kips 

Effective resistance for each end wall (par. 9-25y) = i R 
* 1,090 kips 

Resistance for each interior wall = 090) m 1^218 kips 

Roof slab loading based upon relative shear wall resistances and cor¬ 
responding reactions are shown below: 




330 < O.lOf^ « 390 OK 
Shear check (wall): 


maximum reaction 
area of wall section 


1,228(1,0 00: 
0.63(48.0)lh 


215 psi 


215 < 0.10f£ =390 OK 
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J* Steel Required for Bending. 

Maximum moment * 35,535 ft-kips (from 
moment diagram above). Assume this 
moment to be resisted entirely by steel 
placed within roof at front and back 
edges. 

A s * f“d “ 52 .0^45^0) ” 1 ^* 20 ijl ‘ ( eq - ^*57) 

Use 10 ^11 bars, A « 15.60 in. So = 44.30 in. 
s 

Bond investigation » ^ * 58 ' 7 

58.7 < 450 « 0.15f 1 OK 

C 

e * Second Floor Slab Analysis. The second floor slab will be ana¬ 
lyzed in a manner similar to that of the roof slab. Maximum Rg » 9,853 kips 
(at t * 0.0450 in table 9 . 39 ). 

f• loads on Second Floor Slab. In determining individual reactions 
on basis of relative wall resistances, it is necessary to first determine 
resistance of end and interior shear walls. Since for Rg both lower and 
■upper portions of wall must be considered, it is necessary to consider 
changes in resistance as the various members become plastic. 

End shear wall resistances: 

For 0 < t < 0.030 sec 

R 2 » 1,371,000 Xg - 716,000 x^ (par. 9-25o) 

At t * 0.030, Xg » 626 . 57 (lO)“ 5 , x 3 « 1 , 048 . 0 ( 10)" 5 (table 9.39) 

Rg » 8,590 - 7,500 - 1,090 kips (at t m 0.030) 

For t > 0 . 030 , at t * 0 . 0450 , Xg » l, 006 . 8 (l 0 )” 5 , x^ * 1,138.9(10)"^ 

Rg « 1,090 + 716,000 Xg - 716,000 x^ (par. 9 - 26f) 

» 1,090 - 7 . 16 ( 132 . 1 ) * 345 kips 

Magnitude of total resistance offered by end and interior shear walls 
(in proportion to resistances). 

Effective end wall, R' = * 173 kips 

Interior wall, R' « . 2 / - § . 5 . 3 . - .■ 2 ( . 1 73 . ) m 2 ,377 kips 
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Second floor slab loading based upon relative shear wall resistances 
and corresponding reactions is shown below: 

Uniform Load 55 63.2 klps/fK I 


36 24' 


173 kips 2,377 2,377 2^77 2,377 173 

- 9,853 ..kips 


Loading 


I56 

* 63.2 kips/ft 

g. Shear Strength. 

Shear check (roof): 

y ^ maximum shear 

area of roof section 

1 , 342 ( 1 . 000 ) 0iCo 
“ 25,8(1^4) *' “ 36i " psi 

362 < 0 . 10 f£ » 390 psi .'. OK 


173 kips 


\ 

•1,342 kips 


21.26ft L 

16.40ft 

19.60ft 


t 

Building 


SHEAR DIAGRAM 


1+237 ft-kips 


-14,300 V 

'-17 

BENDING MOMENT DIAGRAM 


Shear check (wall) 

TT maxim 

V * T r rrrm .j 1 


maximum reaction 2,377(1,000) _ on £ 

2(area of wall section) * 2(0.83) 4 o.0( 144 ) ~ 


206 < 0.10 f£ - 390 psi 


a =-A 

<iy 


17,080 
52(45.0! 


h. Steel Required for Bending. 

_J Maximum moment = 17,080 ft-kips (from 

diagram in par. ,9-28f) 

Place steel in a manner similar to 

—Mr*- 

roof slab (par. 9 - 28d) 

7.28 in . 2 (eq. 4 . 57 ) 


Use 6 #10 bars, A * 7*62 in. y Zo * l 6.0 in. 
s 

Bond investigation * u «* ~ * 178 psi 

iJ ° Jd 16 . 0 ^) 45 ( 12 ) 


178 < 450 « 0 . 15 f * .’. OK 


168 















EM 1110 - 3 ^ 5-419 
15 Jan 58 


9-281 


Use 3 #10 bars, A » 3 . 8 l in. 2 . 


12.0 in.' 


Bond requirement * required So * 


1 , 000 ) 


45o(J)47(^) 


7*82 in. < 12.0 .*. OK 


1 . Shear Investigation. At the junc¬ 
ture of shear walls and floor slabs a maxi¬ 
mum shear of 1,736 kips must be resisted. 

Since it is desirable to maintain integral 
construction of shear wall from top of foot¬ 
ing to roof slab, it is necessary to design 
dowels to transmit this force across the 
construction Joint. 

Assuming the ratio of static yield 

stress in shear to static yield stress in 
21 

tension of (par. 4- 03 d), the steel neces¬ 

sary per foot of slab, 

A * r-gl'V^ -* 1-435 in. 2 /ft 



SHEAR DIAGRAM 
7,460 kip-ft 



Building 


■?;460 kip-ft 


-$290 kip-ft 


-8,146 kip-ft 

BENDING MOMENT DIAGRAM 


Use #7 at 5 in. for dowels, A ■ 1.44 in.' 

s 


9-29 W&LL AHAUfSXS (Deep Beam Action)» As a result of the overturning 
action of the structure there will be a shear force at the intersection of 


I-1 exterior wall and shear wall. In 

a j | a. Gravity load 

bt t b. stotic gravity load soil reaction order to determine the time at which 

Front Bock | c. overturning soil reoction this shear force is a maximum, an 

7 t d. Initial force for positive overturning 

4 e. Bto C s ?io 0 o'd 0n analysis will be made in table 9.43. 

+ " SoM Pressure ,rom h' 05 ’ load The shear forces and their direction 

acting on the wall are shown in the sketch at the left. 

It is necessary to first compute the mass and centroid of wall sec¬ 
tion so that the inertial force from the overturning acceleration may be 
determined. 
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a * gggPutation of Maas and Centroid location of 24-ft Section o f Ex¬ 
terior Wal i. --- 



y. 


top 


Determination o f Maximum Vertical Force on Wall. The critical 

value occurs at t » O.O525. In order to 
determine the maximum shear and moment 
in the wall, a moment distribution will 
be performed using the loading at this 
time and the properties obtained in 
paragraph 9-29c. 

c * Properties of Wall Section. 

4 t + b = 4(0.54) + O.83 = 2.99 ft 

(ignore 2nd floor slab) 

2 . 16 ( 054)027 + 0.8^ (25.17)12.58 + 2 . 5 ( 0 . 8 ^) 25 . SB 

(2.i6;o.54 + 0.83(25.17) + 2.5(0.83)—- 2 99 . 



y top “ * L 3 • 10 ft 

\ = (26.0)0.83 * 21.65 ft 2 


13 . 10 ' 


0 . 83 ' 


10 . 54 ' 


25 . 17 ' 
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Table 9.43. Tabulation of Forces on Shear Wall from 24-ft Exterior Wall Section 


a. Gravity load * 112-5 kips 

t. Gravity load soil reaction (table 9 . 41 ) « I.92O [( 24 - 0 ) 2-5 + (8.67)1.67] = 123.8 kips 

c. Overturning soil reaction (table 9 . 4 l) = (pressure) [ 24 . 0 ( 2 . 5 ) + (2.67)1.67] = 64.45 p 

d. Inertial force » mra (table 9 - 15 ) = 3 - 484 ( 24.0 - 1.49) a« 78.5a 

e. Blast load (table 9.27) 

SI "b" edge of slab i(2) 

2 "a” edges of slab 

P P 

load directly on wall and girder = f(l.0)9.5 + 0.83(24.0)1 -~rr^ =* 0.20 P 

L - J 144 roof 


f. Soil reaction from blast load * (footing area)(pressure) * 64.45 p (table 9 * 4 l) 


Forces 
\ (kips) 
t 

(sec) 

a. 

b. 

c. 

d. 

e. 


f. 

Net Back Wall 
(b+c+d+f-a-e) 

1 V’ 
edge 

2 "a" 
edges 

0.20 

p 

roof 

Ze. 

0 

4X2 




0 

0 

0 

0 

0 


0.0025 

112.5 

123.8 

3.2 

98.2 

2.48 

2.24 

0.1 

4.82 

5.2 

113.1 

0.005 

112.5 

123.8 

l 4.8 

198 

6.51 

6.06 

0.3 

12.87 

21.9 

233.1 

0.0075 

112.5 

123.8 

33.5 

194 

13.10 

11.72 

0.4 

25.22 

43.7 

257.3 

0.010 

112.5 

123.8 

58.6 

187 

22.22 

19.38 

0.6 

42.20 

66.4 

281.1 

0.0125 

112.5 

123.8 

90.8 

172 

32.80 

28.24 

0.6 

61.64 

94.0 

306.5 

0.015 

112.5 

123.8 

123.8 

162 

43.20 

37.16 

0.8 

81.16 

121.0 

341.1 

0.0175 

112.5 

123.8 

172 

145 

53.0 

44.92 

0.9 

98.8 

146.5 

376.0 

0.020 

112.5 

123.8 

219 

100 

59.9 

50.86 

1.0 

110.0 

168.0 

388.3 

0.0225 

112.5 

123.8 

272 

76 

64.2 

54.70 

1.1 

120.0 

180.0 

419.3 

0.025 

112.5 

123.8 

327 

48.7 

66.7 

57.10 

1.27 

125.1 

189.0 

450.9 

0.0275 

112.5 

123.8 

382 

'21.2 

69-3 

59-64 

l. 4 o 

130.3 

198.5 

482.7 

0.030 

112.5 

123.8 

488 

- 57.2 

73-0 

63.0 

1.53 

137.5 

208.0 

512.6 

0.0325 

112.5 

123.8 

590 

-88.0 

79.6 

68.6 

1.66 

149.8 

232.0 

606.1 

0.035 

112.5 

123.8 

686 

-140 

87.5 

75.0 

I.72 

164.2 

252.0 

645.1 

0.0375 

112.5 

123.8 

782 

-200 

91.2 

78.2 

1.70 

171.1 

258.0 

680.2 

o.o4o 

112.5 

123.8 

869 

-254 

93-2 

80.0 

1.69 

174.89 

262.0 

714 

0.0425 

112.5 

123.8 

938 

-304 

94.4 

80.6 

1.66 

176.7 

264.0 

733 

0.045 

112.5 

123.8 

990 

-333 

94.8 

81.0 

1.64 

177.4 

264.0 

755 

0.0475 

112.5 

123.8 

1,030 

-362 

92.8 

79*6 

1.62 

174.0 

264 

769 

0.050 

112.5 

123.8 

1,065 

-386 

88.2 

75.8 

1.61 

165.6 

248 

773 

0.0525 

112.5 

123.8 

1,075 

-397 

83.5 

71.6 

1.60 

156.7 

238 

780 

0.055 

112.5 

123.8 

1,075 

-401 

82.6 

70.8 

1.58 

155.0 

236 

766 

0.0575 

112.5 

123.8 

1,060 

-395 

81.5 

70.0 

1.56 

153.1 

233 

756 

0.060 

112.5 

123.8 

1,030 

-381 

81.0 

69.4 

1.55 

152.0 

231 

738 

0.0625 

112.5 

123.8 

982 

-357 

79-8 

68.4 

1.53 

145.7 

227 

713 

0.065 

112.5 

123.8 

927 

-334 

78.6 

67.6 

1.51 

147.7 

225 

682 

0.0675 

112.5 

123.8 

856 

-290 







0.070 

112.5 

123.8 

774 

-246 








The critical value occurs at t * O.O525. In order to determine the maximum shear and moment in the 
wall, a moment distribution will be performed using the loading at this time and the properties ob¬ 
tained in paragraph 9-29c. 
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I * (l/l2)2.16(0.54)3 + (0.54)2.16(12.83 ) 2 + (1/12)0.83(25.17)3 + 
(0.83)25.17(0.52) 2 + (1/12)2.5(0.83)3 + 2.08(11.66 f « 0.028 + 

192.2 + 1,102.0 + 5.66 + 0.143 + 284 
I * 1,583 ft * 

d - Constants for Moment Distribution - Center Spans tear. 9 - 04 ) 
a l “ ^ a P - 0 - 5 , a, - 0.333 


■i e 


-2. _ . - \2 


. 0.021,0 


LAG (36.0) 21.65 


a 3 * a i s + a 3 * Q* 124 o + O.333 * 0.457 

0.5 - 0.457 


a p “ 

0 2 —s—3 


a l a 3 " (a 2^ °*L57 - (0.5) 

( a 2 ' s) ° 2 " (oTT^W) °* 


2 * 0.2075 


2075 =2.920 


k - ^ « j-^2 920)1 583 „ 

4L 4(36.0) 82.1 

C.O. » . -0-. 2Q T5 _ Q 0 „ 

C ± 2.920 U,U ' 1 - L 

Modlfied k (symmetrical load) » k(l - C.O.) = 32.1 fl 

- 34.4 


- (-0.0711)] 


e ” Constant s for Moment Distribution - End Spans (Par. 9 - 04 ), 


I E 


( 1 , 583 ) 2.2 


0.2780 


L A q G ( 24 . 0 ) 21.65 

a^ “ a x S + a 3 = 0.2780 + O.333 = 0 . 6 l 

t 

0.50 - 0.6ll 


C - . ~ a 3 

°2 


a l a 3 ■ ( a 2^ 0,611 “ (°* 5 ) 


5 « -0.308 


°i - (s^) °2 - ( or 5°: 6 0.6 ii ) (- 0-308) 


1.695 
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C.O. 



-0.308 

"1.895 


-0.182 


Modified k (end span) - k 


[l - (C.O.) 2 ] - 


27.4 [l - (-0.182) 2 J» 28.3 


f. load on 24 -ft Span of Wall. 

Concentrated load at column: 

Dead load (concrete volumes from table 9.31) 

* 62.0 cu ft 

* 10.0 
* 12.2 

« 52.8 

= 12.17 
* 13.25 

152.4 cu ft 

152 - 4 (l7§o) * ^ “i 13 

Blast load on 1 "b" edge (t * 0.0525 sec)(table 9 * 43 ) * 83.5 kips 

Blast load directly on girder (t = O.O525) 

■ (p roof ) * 0.066(8.0) * 0.5 kips 

Total load on column 106.9 kips 

Assume that the attached column footing soil pressure is a concen¬ 
trated load. Subtracting this from the total column load above equals net 
concentrated load. 

Area of attached footing = 2.67(1.67) * 4.40 sq ft 

Net soil pressure at t * O.O525 is 22.31 kips/ft 2 (table 9 . 4 l) 

Upward pressure under column = 4 . 40 ( 22 . 31 ) = 98 .0 kips 
Net concentrated load * (106.9 - 98. 0 ) =8.9 kips 
Uniformly distributed load: 

Soil pressure = 22 . 31 ( 2 . 50 ) 24.0 * 1 , 338.0 kips | 

Gravity load ( 112.5 - 22 * 9 ) * 89.6 i 

Blast force (2 "a" edges) = 71.6 i 

Inertial force (table 9 . 43 ) * 397.0 i 


Roof slab ( 0 . 54 ) 12.0 j 

Second floor columns 
Roof girder 

Second floor slab ( 0 . 46 ) 12.0 

First floor columns 
Second floor girder 


Net uniform load ; 
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1 WL - —(780)24 - 1,560 ft—kips 


12 


Unif FEM 

Cone FEM - » -26.7 ft-kips 


Net FEM - +1,533 ft-klps 
Fixed end moments for 36-ft span: 


8.9 kips 

jll-f.111111 tujjjJ 

Totol Uniform Load = 780kips 


8.9 kips 


8.9 kips 



Unif FEM - ^ WL » ^(1,170)36 


Total Uniform Load * |^(780) *1,170 kips m 3> 5^0 ft-klps 


coo 5m. ha ij. in , _ Kb .. 8,?(i2) glt 

Net FEM = 3,428.6 ft-kips 


Moment distribution: 

(See sketch at right.) 
h. Shear Strength. 

Rear wall: 

max V * 605.2 kips 
605 . 2 ( 1 , 000 ) 

T - 0 .H3(^.0 )iU - ^ P si 


-0.182 fo.468 

0.5321 -0.0711 fa483 

0.5171 

+ 1533 -1,533 
-1533 +?79 

+3,428 -3,428 

+3,428 

0 -1,080 

-1,094 -► +-77 j 



+ 2 - -37 

-40 1 

-2£34 

== = -3,380 

+ 2^35 > 

+3,380 | 


r w r t Y f ° 1 i 

?35 _ _ 1045 M 


t97.4«-^c97,4^ 29.0 = ^ = 29.0 | 

8.9 ^8.9 


t 4.5 3 *. 4.511 8.9 

390^*lfg« g?0.CH>585.0 * 472- 585.0 U585.0 

288.1 kips - 


Sp30.0 


1,182.1 


REACTIONS 


t 

Building 
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9-30 


Bond requirement 


So " 1 1 • 5.02 in. 

Jd 450^25.5(12) 

Use 2 #10 bars at top and bottom, A = 2 . 54 , So * 9.0 In. Tbp steel 

s 

requirement for other sections of the wall can be determined in proportion 
to the moment and checked for bond as indicated in the shear and moment 
diagrams above. 

9-30 FINAL DESIGN OF SHEAR WALIS. During the shear wall dynamic analysis 
(par. 9-26), certain members were assumed to become plastic at the t ime the 
shear stress in the member exceeded 600 psi. This means that the b ending 
moment cannot increase above the value it has attained when the shear 
stress reached the limiting value of 600 psi. This value of limiting bend¬ 
ing is confuted for the various shear wall members in paragraph 9-26d. 

a. Investigation of Moment and Shear at Opening - Interior Shear 
Walls. The moment acting on the lintel and footing members will be con¬ 
sidered to be end moments as obtained from the limiting shear values. 

b. Member AB. At V = 2 r 6 kins. 

3/500 ft-kips - 

the section was permitted to become plastic. 
Evaluating moment for this shear. 

-T" * 


3j600ft-kips 


3,600 ft-kips. 


M = ~~ * t j, ( 3 , 600 ) * 825 ft-kips (at face of opening) 


s f. d 

<3y 


4.54 in. , use 6 #8 bars, A = 4.74 in.‘ 

s 


0.01130 


Shear investigation. For a shear intensity of 600 psi, stirrups are 


essential. 


v * 0.04 f 1 + 5,000 p + rf (eq 4 . 24 ) 

c y 

600 * 0 . 04 ( 3 , 000 ) + 5,000(0.0113) + r( 4 o,000) 

600 - 176.5 

r * —r — —— * 0.0106 

40,000 

Web reinforcement * r(l 0 )l 2 * 0 . 0106 ( 10)12 * 1.270 in.^/ft 

p 

Use U stirrups #5 at 6 in., A * 1.24 in. 

s 
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c. Member CD. Por v = 600-psi allowable stress, V * vbjd 
(600)10(7/8)45 * 236 kips. Evaluating moment for this shear - M 


3/700 ft-kips 


Moment at opening 


s f d 
dy 


31*37 


(3,700) « 826 ft-kips 


4.54 in.' 


This requires same reinforcement as member AB in b above, namely 6 
#8 bars, A - 4.74 in. 2 , and U stirrups #5 at 6 in., A » 1.24 in. 2 . 

d. Member EF. At the time that the lower shear wall became plastic 
the memb er EF was not permitted to take further moment because of the as¬ 
sumption of plastic hinges at the end of member AB. This is evaluated in 
table 9.40. * 5,730 ft-kips. 

Design moment at face of opening 

M “ 3137 (5,730) - 1,280 ft-kips 


s f, d 

dy 


1,280 

52 ( 2 . 50 ' 


9.85 in. 


Use 10 #9 bars in one row, A « 10.0 in.' 

S 

P “ * 0*0109 


^ (30)30 - 

Shear throughout member = 


Shear intensity v 


2 moment 


31.37 “ 

• 464 psi 


366 kips 


-— 1 "U JIJ / ry\ ** JL 

bJd 30@) 33 

Allowable shear stress * 0.04f 1 + 5,000 p + rf (eq 4.24) 

y 

464 * 0.04(3,000) + (5,000)0.0109 + r(40,000) 

„ _ 464 - 120 - 54.5 _ „ 


K ),000 


0.00725 


Area of steel required for shear reinforcement per foot of beam 
0.00725(30)12 » 2.6l in. 2 

Use U stirrups #7 at 5^ in., A * 2.62 in. 2 

tz. S 
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e • Investigation of Moment and Shear of Footing - Tgnfl Shear Wall. 

At the time that the lower shear wall became plastic, the member EF was not 
permitted to take further increase in moment. This occurred at t ime 
t = 0.0300 sec. From table 9 . 40 , » 2,380 ft-kips. Design moment at 

face of opening 


M 


1 - 0 ( 2 , 380 ) 

$ 9-76 


560 ft-kips 


A 


s 


M 560 

f^ “ 52(2.50; 


4.32 in . 2 


Use 10 #6 bars in one row, A g * 4.40 in. 2 , p 


4.40 

30 ( 30 ) 


0.00488 


Shear throughout member - - 160 kips 

Shear intensity v » —• - — ^ 4 - ~° Q ^ * 184 psi 

** 30$) 33 


Allowable shear stress * 0 . 04 f ' + 5,000 p + rf (eq 4 . 24 ) 

c y 

184 . 0 . 04 ( 3 , 000 ) + 5 , 000 ( 0 . 00488 ) +r( 40 , 000 ) 

184 - 120 - 24 


40,000 


0.00090 


Area of steel required for shear reinforcement per foot of beam 

- 0.0009(30)12 - 0.324 in. 2 

Use U stirrups #3 at 8 in., A * 0.34 in. 2 

s 

f• Shear Panel Reinforcement. The shear walls are divided by the 
corridor openings into two shear wall panels joined together at the open¬ 
ings. The shear wall reinforcement is calculated using the width and 
vertical span of the individual shear wall panels rather than the entire 
shear wall. In the shear wall analysis the maximum cracking resistances 
of the shear panels were developed, hence the steel reinforcement will be 
proportioned to provide an ultimate strength in the panels equal to the 
resistances at which the panels crack. 

g. Interior Shear Walls (Second Story). 

Vertical span of shear panels * 11.6 ft (par. 9 - 25 j) 

Width of shear panels ■ 20 .5 ft (par. 9 - 25 e) 

Length center to center of vertical edge steel » 20.5 - 2 
- 18.5 ft ■ L 
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Maximum total shear wall resistance * 1,200 kips (table 9*40) 
Maximum shear per panel * 1,200/2 * 600 kips » R du 
Minimum panel steel will he used (p « 0.0025) A g ® 0.0025(10)12 
* 0.30 in. 2 /ft. Upe #3 at 9 in. 

Referring to equation 4.55: 

P * f pt(E + L) » 52(0.0025)10(11.6 + 18.5) “ 390 kips 
P / K du * 39°/6°° “ O.650 (single story) 

From figure 4.36, P/C ■ 0.87J C/R^ * 0.74 
Required C - 0.74(390) « 288 kips 


A f! 
s dy 


[15 + i.9(l/h) 2 ] - 288 * A a (3-9) [15 + 1.9(i8-5/ii*6) 2 J 


4.0 in.' 


. 288 - 7- 2 
A s * 3.9(19.82) “ 3 ‘ 73 

Use 4 $9 bars as edge steel for shear panels, A g 
h. Interior Shear Walls (First Story). 

Vertical span of shear panels * 11.6 ft (par. 9~25g) 
Width of shear panels = 20.5 ft (par. 9-251) 

Length center to center of vertical edge steel * 20.5 “ 2 
* 18.5 ft - L 

R (table 9-40) 


du 

0.0025), A » 0.0025(10)12 
s 


f pt(H + L) - 52(0.0025)10(11.6 + 18.5)12 


0.59 


471 kips 


Mfl.y lTni.rm shear per panel * 020 kips 

Minimum panel steel will be used (p * 

* 0.30 in. 2 /ft. Use #3 at 9 in. 

Referring to equation (4.55): 

P 

ay 

P/R du « 471/1,020 « 0.462 
From figure 4-36, P/C » O.78; C^/R^ 

Required C - 0.59(1,020) - 602 kips 

C * A s f de II 1 - 5 + 1»9(V H ) j m 602 ” A g (3*9) |15 + 1.9(18*5/11.6) J 
A *- r° 2 ni "' -T * 7.78 in. 2 

s * 3.9(19.847 2 

Use 8 #9 bars as edge steel for shear panels, A g * 8.0 in. 

i. End Shear Walls (Second Story). 

Vertical span of shear panels » 11.5 ft - H 
Width of shear panels » 48.0 ft 

Leng th center to center of vertical edge steel - 48.0 - 2.0 

* 46.0 * L 
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Maximum shear per panel = 1,564 kips (table 9.4o) * R 
Minimum panel steel will be used (p » 0.0025), A g = 0.0025(10)12 
= 0.30 in.^/ft. Use #3 at 9 in. 

Referring to equation (4.55): 

P = f^ pt(H + L) * 52(0.0025)10(11.5 + 46.0)12 * 896 

P/R^ u * 896/1,584 = 0.572 (single-story wall) 

From figure 4.36, P/C « 0.710; C/R du * O.79 
Required C * 0.79(1^564) * 1,235 kips 

c -A 3 [15 + 1.9(I/H) 2 ] - 1,235 - A a (3.9) [15 + 1.9(1*6.0/11.5 ) 2 ] 

A s - iMW.i) “ 7 -°° ln ' 2 

Use 6 $10 bars as edge steel for shear wall, A * 7.62 in.^ 

s 

j. End Shear Walls (First Story). 

Vertical span of shear panels = 9.0 ft 
Width of shear panels * 21.0 ft 

Length center to center of vertical edge steel (21.0 - 2.0) » 19.O - L 
Maximum shear per panel = 1,030 kips * R^ (table 9.40) 

Minimum panel steel will be used (p = 0.0025), A g * 0.0025(10)12 
= 0.30 in.^/ft. Use $3 at 9 in. 

Referring to equation (4.55) 

P = f dy pt ^ H + L ) = 52(0.0025)10(9.0 + 19.0) * 364 kips 
P/P du = 364/1,030 * O.353 (for multi-story wall) 

From figure 4-36, P/C = 0.51; C/R du = O.69 
Required C = 0.69(1,030) = 711 kips 

0 ' A s f dy [ 15 + 1-9(VH) 2 ] - 711 - A s (3.9) [15 + 1.9(19.0/9.o) 2 ] 

A s -3 ^W) -T-T7 in. 2 

Use 8 $9 tars as edge steel for shear panels, A * 8.0 in.^ 

s 

9-31 DESIGN SUMMARY. Figure 9*33 shows the locations of the various ele¬ 
ments that were designed in this example. Sections of the various elements 
are shown in figures 9.34 through 9.4l to indicate the final design. 
References are given on each section to the paragraphs where each design 
is first presented. 
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